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ABSTRACT
Linguistic awareness is the ability to consciously consider and manipulate
language. Multiple linguistic awareness skills relate to and predict the word-level
reading, spelling, and reading comprehension skills of children who are developing
typically and those with language impairments. However, few researchers have
investigated the literacy skills of children with autism spectrum disorder (ASD) and even
fewer have investigated their linguistic awareness skills. This is problematic given the
large number of children with ASD who are educated in the public schools and the
importance of literacy skills for life success. Therefore, this dissertation aimed to begin
to close the gap in our knowledge concerning the literacy and linguistic awareness skills
of these children. Chapter One of the dissertation summarizes the state-of-knowledge of
the literacy skills of children with ASD which suggests that, like children without ASD,
children with ASD who have better spoken language skills tend to have better literacy
skills than their counterparts with poorer language skills. Chapter One also highlights
areas for further inquiry, setting the stage for Chapter Two which experimentally
investigated the linguistic awareness and literacy skills of elementary school-age children
with ASD. Twenty-seven children with ASD and forty children who were typicallydeveloping completed measures assessing their phonological awareness, prosodic
awareness, orthographic awareness, and morphological awareness. There were
moderate-to-strong relations between the linguistic awareness skills and word-level
reading, spelling, and reading comprehension for the children with ASD.
v

These same relations were weak-to-strong for the children without ASD. For a subset
of participants with and without ASD, when matched on age, non-verbal IQ, and realword reading, the children without ASD performed better than the children with ASD on
the linguistic awareness measures suggesting that, like children without ASD, the ability
to consciously consider and manipulate language may be important for successful reading
and spelling for children with ASD. Further, the findings suggested that the linguistic
awareness skills of children with ASD may be less developed than their peers without
ASD. Chapter Three served as a practitioner’s guide for those providing literacy services
to elementary school-age children with ASD. The guide presents a summary of general
best practices in literacy instruction as well as a synopsis of the available evidence
regarding the underlying skills involved in literacy for children with ASD. The guide
also reviews current intervention research, which suggests that the literacy skills of
children with ASD should be treated in a manner that is consistent with current evidencebased practices for the general population. Practical strategies are provided. The
dissertation concludes with a synthesis of the findings from the three chapters.
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INTRODUCTION
Learning to read and spell likely are two of the largest challenges for children as
they make their way through the school years. Importantly, success in school, as well as
later in life (e.g., vocational and career success), is largely dependent on an individual’s
ability to read and spell (e.g., Anderson, Hawes, & Snow, 2016; Snow, 2019). As such, a
large body of research spanning multiple decades has sought to understand the
mechanisms and skills that underlie successful reading and spelling in children who are
typically-developing and those who struggle with these skills (e.g., Apel & Henbest,
2016; Apel et al., 2012; Castles, 2006; Elbro & Arnback, 1996; Lundberg, 1982).
Results of these efforts have determined that reading and spelling are language-based
skills which require individuals to consciously think about different aspects of language
(Castles, Rastle, & Nation, 2018).
The ability to think about and manipulate parts of language is known as linguistic
awareness. Multiple linguistic awareness skills support successful reading and spelling,
including phonological awareness, prosodic awareness, orthographic awareness, and
morphological awareness (e.g., Apel & Henbest, 2016; Apel et al., 2012; Caravolas,
Hulme, & Snowling, 2001; Carlisle, 2000; Roman, Kirby, Parrilla, Wade-Woolley, &
Deacon, 2009; Whalley & Hansen, 2006). These skills often are impaired in children who
have reading disabilities (e.g., Elbro & Arnback, 1996; Lundberg, 1982; Tong et al.,
2011). Phonological awareness is defined as the ability to think about and manipulate
units of sound in language (Mattingly, 1972). Phonological awareness skills important
1

for reading and spelling include the ability to blend speech sounds into spoken words and
to segment words into individual speech sounds.
Prosodic awareness refers to an individual’s sensitivity to the duration, pausing,
and rhythm of the speech signal (Nash & Arciuli, 2016). This sensitivity aids in the
understanding of words, which in turn supports reading and spelling. (e.g., Goodman,
Libenson, & Wade-Woolley, 2009; Whalley & Hansen, 2006). Orthographic awareness is
the ability to think about how speech is represented in print (Apel, 2011; Apel, Henbest,
& Masterson, 2019). An awareness of the spelling patterns used to write and read words,
an orthographic awareness ability, aids reading and spelling. Morphological awareness
is the ability to think about language’s smallest unit of meaning, morphemes (Apel &
Werfel, 2014; Carlisle, 1995;). An understanding of the structure and meaning of
prefixes and suffixes added to base words can aid reading and spelling of multimorphemic words.
Little research has focused on the linguistic awareness skills of children with
autism spectrum disorder (ASD) and how those abilities may be related to their reading
and spelling skills. The limited literature available regarding the skills that support
literacy in children with ASD is problematic given that over 500,000 children with ASD
are enrolled in U.S. public schools (National Center for Education Statistics; NCES,
2018). The lack of research for this population has potentially led educators to perpetuate
instructional practices and remediation attempts that are not in line with current best
practices (National Reading Panel; NRP, 2000).
The scant research that is available to date on the literacy skills of children with
ASD has largely focused on the disparity between their word-level reading and reading
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comprehension skills (e.g., Brown et al., 2013; Heumer & Mann, 2010; McIntyre et al.,
2017; Nation et al., 2006). These investigations have yielded results which suggest that
word-level reading is a strength for individuals with ASD (although a high degree of
variability in performance has been documented) whereas reading comprehension often
falls below that of their peers who are developing typically. This important work has led
educators and researchers to better describe the literacy profiles of individuals with ASD.
However, few investigations have examined whether linguistic awareness skills support
the reading and spelling skills of elementary school-age children with ASD. To fill this
void in our understanding, this dissertation includes three chapters which focus on
closing the gap in our knowledge and practices in regard to the literacy and linguistic
awareness skills of school-age children with ASD.
The first chapter is directed toward researchers and provides a summary of the
currently available literature on the reading comprehension, word-level reading, spelling,
and linguistic awareness skills of children with ASD. Although Chapter One is a standalone manuscript, it also is intended to set the stage for Chapter Two, the experimental
investigation, by highlighting the current gaps in the literature. Chapter Two is an
experimental study addressing the linguistic awareness skills of children with and without
ASD, and should be of interest to both researchers and clinicians. The primary purpose of
Chapter Two is to examine the relation between the linguistic awareness skills of
elementary school-age children with ASD and their word-level reading, reading
comprehension, and spelling skills. As a secondary aim, Chapter Two also compares the
magnitude of the relation of linguistic awareness skills to reading and spelling outcomes
for children with ASD to the magnitude of those relations found in a sample of children
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without ASD. Finally, Chapter Two examines potential differences between the
linguistic awareness skills of children with and without ASD when they are matched on
real-word reading, age, and nonverbal IQ. Using the information gained from Chapter
Two as well as available intervention-based research, Chapter Three serves as a
practitioner’s guide to addressing the literacy skills of school-age children with ASD.
The dissertation concludes by synthesizing the information from all three chapters.
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CHAPTER 1

LITERACY AND LINGUISTIC AWARENESS SKILLS OF ELEMENTARY
SCHOOL-AGE CHILDREN WITH AUTISM SPECTRUM DISORDER: WHAT DO
WE KNOW AND WHERE ARE WE GOING? 1

1

Henbest, V.S. & Apel, K. To be submitted to American Journal of Speech-Language
Pathology.
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ABSTRACT
This paper reviews the current state of knowledge on the literacy and linguistic
awareness skills of elementary school-age children with autism spectrum disorder (ASD).
Specifically, it highlights what is known regarding the reading comprehension, wordlevel reading, and spelling skills of children with ASD as well as their associated spoken
language and linguistic awareness skills. This review shows that the reading
comprehension and word-level reading skills of children with ASD are language-based
skills that require competence in spoken language abilities. This review also reports on
the limited research on the spelling and linguistic awareness skills of children with ASD.
Emerging evidence suggests that linguistic awareness skills may be important for literacy
development in children with ASD. Suggestions for future research are provided.
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Autism spectrum disorder (ASD) is a disability characterized by impairments in
social-communication (i.e., pragmatic language), restricted interests, and repetitive
behavior patterns that may or may not co-occur with other impairments in spoken
language and/or an intellectual disability (American Psychiatric Association [APA],
2013). Because of these characteristics, children with ASD often require special
education services in school. It is estimated that children with ASD make up
approximately 9% of the children who receive services under the Individuals with
Disabilities Education Act (National Center for Education Statistics [NCES], 2018); over
576,000 children with ASD receive special education services in the public schools in the
United States (NCES, 2018). However, the extent of educational support required for
each child with ASD varies greatly. Some children with ASD (approximately 40%;
NCES, 2016) spend their school-age years requiring little support outside of the general
education curriculum, perhaps needing support solely with social-communication skills.
Others may use only a few words to communicate, have difficulty with adaptive behavior
skills, require intensive educational support, and spend less than 40% of their time in the
general education classroom (approximately 33% of children with ASD; NCES, 2016).
The heterogeneity of communicative, social, cognitive, and academic functioning
of children with ASD has been well documented (e.g., Brown, Oram-Cardy, & Johnson,
2013; Kim, Bal, & Lord, 2018; Kjelgaard & Tager-Flusberg, 2001; Ricketts, Jones,
Happé, & Charman, 2013). All children with ASD experience difficulty with social
skills, but to different degrees (e.g., APA, 2013; Jones et al., 2009), including difficulty
processing and producing the prosodic rhythm of spoken language (e.g., Paul, Augustyn,
Klin, & Volkmar, 2005; Shriberg et al., 2001). Approximately 55% of children with
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ASD have an intellectual disability (i.e., IQs < 70; e.g., Charman et al., 2011) and
approximately 63% have intelligence scores which fall below the average range (i.e., IQ
< 85; Kim et al., 2018). The range and severity of impairments in social-communication
as well as the presence of restricted interests or repetitive behavior patterns (i.e.,
symptomatology) also varies among individuals with ASD (Gotham, Pickles, & Lord,
2009).
To date, research conducted with children with ASD has largely focused on
behavior (e.g., Eldivik et al., 2009), early intervention (e.g., Dawson et al., 2010), and
spoken social-communication skills (e.g., Bellini, Peters, Benner, & Hopf, 2007; Wong et
al., 2015), with few studies addressing academic skills in the elementary school-age years
(e.g., Keen, Webster, & Ridley, 2016; Machalicek et al., 2008). Greater attention to
academic achievement and literacy skills in elementary school-age children with ASD is
needed, especially given that nearly half of students with ASD served under the
Individuals with Disabilities Education Act (IDEA) in the US spend the majority of their
school day in a general education classroom. Moreover, the number of children with
ASD educated in public schools continues to increase, from .4% of enrollment in 20042005 to 1.7 % in 2014-2015 (NCES, 2018). Increasing our understanding of the skills
involved in literacy development for children with ASD is critical for maximizing their
academic achievement, as reading and spelling are fundamental education skills.
Research examining the literacy skills of children with ASD has focused mostly
on the contributions spoken language make to reading comprehension after accounting
for word-level reading and/or text-level reading accuracy (e.g., Lucas & Norbury, 2014,
2015). Few investigations have examined word-level reading as a primary variable of
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interest (e.g., Cronin, 2014; Nash & Arciuli, 2016). Also, spelling, like reading, is an
important academic skill and area of instruction for school-age children; however, only a
handful of studies have reported on spelling skills in children with ASD (e.g., Bailey &
Arciuli, 2018; Schlosser & Blischak, 2003; Cardoso-Martins, Gonçalves, de Magalhães,
& da Silva, 2015; Kagohara, Sigafoos, Achmadi, O’Reilly, & Lancioni, 2012) and most
have included only one to two participants (e.g., Barberio-Kitts et al., 2014; CardosoMartins, Gonçalves, & de Magalhães, 2013; Kagohara et al., 2012). The studies with
more participants assessed spelling as one of many measures of academic achievement
(e.g., Estes, Rivera, Bryan, Cali, & Dawson, 2011; Kim et al. 2018).
Finally, other potentially important skills, such as linguistic awareness, have
received little attention. Linguistic awareness refers to the ability to consciously think
about and manipulate language. Although linguistic awareness skills, when considered
alone or alongside one another, have been found to be important for literacy in children
who are typically-developing and children with developmental delays (e.g., Apel &
Henbest, 2016; Apel, Wilson-Fowler, Brimo, & Perrin, 2012; Caravolas, Hulme, &
Snowling, 2001; Carlisle, 2000; Roman, Kirby, Parrila, Wade-Woolley, & Deacon,
2009), few studies have examined the linguistic awareness skills of elementary-school
children with ASD (e.g., Bailey & Arciuli, 2018; Nash & Arciuli, 2016; Smith Gabig,
2010). Further, the limited evidence on linguistic awareness skills in children with ASD
is mixed both in terms of performance on linguistic awareness tasks and its influence on
reading (e.g., Cronin, 2014; Nash & Arciuli, 2016).
Given that learning to read and spell are critical for success in school and
thereafter (National Endowment for the Arts [NEA], 2007), there is a need for more
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research on the reading, spelling, and linguistic awareness skills for children with ASD.
This paper aims to summarize the extant literature on the literacy and linguistic
awareness skills of elementary school-age children with ASD. Because the focus of this
paper is on elementary school-age children with ASD, only studies including children 11
years of age or younger, which is the typical age of children in 6th grade or below, are
reviewed. First, what is known regarding reading comprehension and the factors that
contribute to it in children with ASD is presented. Next, because word-level reading has
mostly been investigated as a factor which contributes to reading comprehension in
children with ASD, word-level reading, and its contributing factors will be presented
within this context. The spelling skills of children with ASD also are discussed followed
by an overview of the research available regarding their linguistic awareness skills.
Finally, suggestions for future research are offered.
Reading Comprehension in Elementary School-Age Children with ASD
The Simple View of Reading states that reading comprehension is the product of
successful word-level reading and competence in spoken language comprehension
(Gough & Tunmer, 1986; Hoover & Gough, 1990). In other words, poor word-level
reading skills, poor spoken language comprehension, or a combination of the two will
result in poor reading comprehension. The Simple View of Reading model has held up in
investigations of children who are typically-developing and those with reading and/or
spoken language disorders (e.g., Adlof, Catts, & Little, 2006; Catts, Adlof, & Weismer,
2006) and will guide this review.
In ASD research, spoken language often is referred to as structural language.
Structural language refers to grammatical and semantic spoken language skills. The term
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‘structural’ is used to delineate those language skills which involve the content and form
of language from those skills involved in the use of language, or pragmatic/social
language (e.g., Lucas & Norbury, 2014; Lucas & Norbury, 2015). Under the guidance of
the Simple View of Reading, researchers have examined the contributions of structural
spoken language and word-level reading skills to reading comprehension in children with
ASD in addition to factors such as IQ and ASD symptomatology (e.g., Lucas & Norbury,
2014; McIntyre et al., 2017). Some investigators have examined the influence of text
type (e.g., Brown, Oram-Cardy, & Johnson, 2013; Lucas & Norbury, 2015) on the
reading comprehension of children with ASD. In these investigations, text type was
classified based on the degree of social knowledge or inferencing required to be
understood.
Brown et al. (2013) conducted a meta-analysis of 36 studies published between
1994 and 2010 on the reading comprehension skills of individuals with ASD. Reading
comprehension was defined as “…any task that first required the participant to read
sentences or a short text and then to use their understanding of what they read to
complete some task” (Brown et al., 2013, p. 936). Of the 47 samples of individuals with
ASD, 15 included children in the elementary-age range. Only investigations that
included comparisons between individuals with ASD and normative samples or a control
group of individuals who were typically-developing were included in the meta-analysis.
The studies reviewed included individuals with varying degrees of ASD symptomatology
and those with and without hyperlexia. Hyperlexia is defined as word reading abilities
above what would be expected based on chronological age and IQ alongside reading
comprehension abilities below what would be expected based on chronological age and
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IQ (Nation, Adams, Bowyer-Crane, & Snowling, 1999). Studies had to have reported
means, standard deviations, and sample sizes to be included in the analysis.
Brown et al. (2013) used Hedge’s g standardized mean difference (SMD) to
compare the magnitude of potential differences in reading comprehension abilities of
individuals with ASD to those from standardized samples or comparison groups of
individuals who were typically-developing. The SMD between the reading
comprehension skills of individuals with ASD and the control group was large (g = -0.74)
and significant, with peers who were typically-developing outperforming individuals with
ASD. Brown and colleagues also investigated the contribution of structural spoken
language and word/passage level reading accuracy to reading comprehension for the
samples of children with ASD. Vocabulary knowledge represented structural spoken
language. Tasks measuring accuracy with reading pseudo-words, real words, or passages
represented reading accuracy. The SMD for structural spoken language (i.e., vocabulary)
was moderate (g = -.48) and significant suggesting that the individuals with ASD
demonstrated poorer vocabulary skills than controls. In contrast, the SMD for word-level
reading was not significantly different indicating that the word-level reading abilities
were comparable between the individuals with and without ASD. Importantly, in
separate regression analyses, vocabulary knowledge predicted 57% of the variance in
reading comprehension and word-level reading predicted 55% of the variance in reading
comprehension for the individuals with ASD.
Brown and colleagues (2013) also examined the influence of social knowledge
and IQ on reading comprehension, given the variability of these skills/abilities in
individuals with ASD (e.g., Jones et al., 2009; Kim et al., 2018). The SMD of non-verbal
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IQ was small (g = -0.23), but significant, with individuals with ASD having lower nonverbal IQs than the control groups. Non-verbal IQ predicted 1.33% of the variance in
reading comprehension for the individuals with ASD. The influence of social knowledge
on reading comprehension for the individuals with ASD was examined by comparing
their performance on texts that required perspective taking versus texts that were limited
to factual information. The SMD between individuals with ASD and the control groups
for text requiring social knowledge was large and significant (g = -1.36) with the
individuals with ASD having more difficulty understanding texts that required social
knowledge. On the other hand, the SMD for texts requiring little social knowledge was
small (g = -.34), but significant. These findings suggest that when required to understand
text that includes mostly factual information compared to text requiring social
knowledge, individuals with ASD perform more like their peers who are typicallydeveloping.
The work of Brown and colleagues (2013) provides an overall picture of the
reading comprehension skills of individuals with ASD. However, because the metaanalysis included elementary school-age and older individuals with ASD, it is possible
that the results would have differed if only elementary school-age children were included.
Also, ASD symptomatology was not included as a potential contributing factor to reading
comprehension. Nonetheless, the investigation by Brown and colleagues provides an
important contribution to our understanding of the reading comprehension skills of
children with ASD.
Since the work of Brown and colleagues (2013), other investigators have
continued to examine the factors contributing to reading comprehension in children with
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ASD (e.g., Cronin, 2014; Lucas & Norbury, 2015) through the framework of the Simple
View of Reading. Researchers have compared reading comprehension performance of
children with ASD with and without a structural spoken language impairment, as well as
examined the relation between structural spoken language, reading accuracy, and reading
comprehension (e.g. Lucas & Norbury, 2014, 2015). These studies also have included
additional potential contributing factors such as working memory (Lucas & Norbury,
2015), IQ (Lucas & Norbury, 2015; McIntyre et al., 2017), ASD symptomatology (e.g.,
Lucas & Norbury, 2014, 2015), and text type (Lucas & Norbury, 2015). The following
sections cover research that aligned with the work of Brown and colleagues on the
influence of structural spoken language and word-level reading to reading
comprehension. Although these investigations considered word-level reading and
structural spoken language simultaneously, the contribution of each of these factors are
presented separately to assist in clarifying the role each plays in reading comprehension
performance for children with ASD.
Effects of Structural Spoken Language on Reading Comprehension
Lucas and Norbury (2014) studied the influence of structural spoken language
ability on reading comprehension in 50 children with ASD (mean age 11.2) who were
divided into groups based on structural spoken language ability. Half of the children had
a structural spoken language impairment as measured by scores at least 1.5 standard
deviations below the mean on a standardized sentence recall task. A control group of 30
children without ASD who were typically-developing also was included. The children
who were typically-developing were matched with the children with ASD and typical
structural spoken language on age, IQ, language, and reading measures. The two groups
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of children with ASD were matched on ASD symptomatology. Reading comprehension
was assessed with a standardized passage comprehension measure. Because only 12 of
the 25 children with ASD who had a structural spoken language impairment (ASD + LI)
were able to read words accurately enough to complete the passage comprehension task,
inferential statistics with this group were not completed (Lucas & Norbury, 2014).
Performance on the passage comprehension task was not significantly different between
the children with ASD who had typical structural spoken language (ASD – LI) and the
children who were typically-developing (TD).
Lucas and Norbury (2014) also created a composite score of receptive and
expressive vocabulary to represent structural spoken language. The children with ASD +
LI performed significantly below their peers with ASD –LI on vocabulary knowledge. A
simultaneous regression analysis conducted with the children with ASD indicated that,
when accounting for word-level reading and ASD symptomatology, vocabulary
knowledge was a significant predictor of the variance in reading comprehension (β = .41;
sr = .45). In contrast, when controlling for vocabulary knowledge and word-level
reading, ASD symptomatology did not explain any significant variance in reading
comprehension.
Like their previous investigation, Lucas and Norbury (2015) investigated the
factors which contributed to reading comprehension, particularly inferencing ability, in
42 children with ASD (mean age 10.7). Fifteen of the children had ASD + LI and 27 had
ASD - LI. Thirty-two TD children were included as a control group. Reading
comprehension was assessed via a standardized passage comprehension measure.
Children with ASD –LI and the children who were TD did not differ in their reading
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comprehension performance, and both groups scored significantly higher than the
children with ASD + LI on the reading comprehension measure. Vocabulary knowledge
was measured with expressive and receptive vocabulary tasks and a task of verbal
working memory. Again, the children with ASD - LI and the children who were TD
performed similarly, and both groups performed significantly higher than the children
with ASD + LI. Lucas and Norbury (2015) also used multiple regression to investigate
factors contributing to inferencing abilities in children with ASD. Inferential questions
from the passage comprehension task were identified and included in the regression.
Vocabulary knowledge (sr = .23) and verbal working memory (sr = .19) were the only
significant predictors in a model which also included chronological age, non-verbal IQ,
word-level reading, and ASD symptomatology.
Cronin (2014) examined the relations among structural spoken language, wordlevel reading, and reading comprehension in 13 children with high-functioning ASD
(HFASD; IQs > 70; mean age 9; 7 [years; months]). Reading comprehension was
measured with a standardized word comprehension task which measured the children’s
knowledge of antonyms, synonyms, and analogies, and a standardized passage
comprehension task. Structural spoken language was assessed with a variety of
standardized tasks measuring the children’s vocabulary knowledge and grammatical
skills. The relation between vocabulary knowledge and reading comprehension was large
and significant (r = .94) as was the relation between grammatical skills and reading
comprehension (r = .89). However, a post-hoc factor analysis revealed that the measures
of vocabulary and grammar loaded onto one factor, making it difficult to differentiate the
contributions of vocabulary and grammar to reading comprehension (Cronin, 2014).
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Like Cronin (2014), McIntyre et al. (2017) investigated the factors which
contributed to reading comprehension in a sample of 81 children with HFASD (IQs > 75;
mean age 11.24). The performance of the children with HFASD was compared to a
group of children who were TD (n = 44). Reading comprehension was assessed with a
standardized passage comprehension measure and a criterion-referenced measure which
allowed the examiners to investigate the children’s performance on factual vs. inferential
question types. After controlling for IQ, children with HFASD performed significantly
below peers who were TD on the standardized measure of reading comprehension.
Performance of the children with HFASD on factual questions did not differ from their
peers; performance on inferential questions was significantly below their peers (McIntyre
et al., 2017).
Using structural equation modeling, McIntyre et al. (2017) also investigated the
contributions of structural spoken language skills and reading accuracy to reading
comprehension in their sample. McIntyre and colleagues delineated two types of
language skills: basic structural language and higher order language. Basic structural
language skills were measured with an experimenter-developed task assessing the
children’s awareness of the relations between base words and their derived forms (e.g.,
“farm” and “farmer”; Carlisle, 2000), a standardized sentence recall task, and a
standardized expressive vocabulary task. The children with HFASD performed
significantly lower than the children who were TD on all of the structural spoken
language tasks. Higher order language skills were measured via a standardized spoken
language comprehension task which required the children to listen to short spoken
passages and answer questions, a standardized story recall task which required the
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children to listen to and reproduce narratives, and an experimenter-developed sentence
completion task (Happé, 1997). The children with ASD performed below their peers
who were TD on the spoken language comprehension and story recall tasks, but there
was no significant difference between performance on the sentence completion task. In
the model that included structural spoken language, reading accuracy, and reading
comprehension, while controlling for ASD symptomatology, structural spoken language
was a significant predictor of reading comprehension (β = .83). ASD symptomatology
was negatively related to reading comprehension. The second model added higher order
language to the first model, in which case the higher order language factor was the only
significant contributor to reading comprehension and ASD symptomatology was no
longer related (McIntyre et al., 2017).
McIntyre et al. (2018) investigated the contribution of structural spoken language
and social knowledge on the reading comprehension performance of elementary schoolage children and adolescents with ASD and compared these relations to those of children
without ASD. Their findings indicated that after accounting for full-scale IQ and wordlevel reading, structural spoken language and social knowledge were unique predictors of
reading comprehension for the participants with ASD. Interestingly, word-level reading
did not account for unique variance in the reading comprehension performance of the
children with ASD after controlling for full-scale IQ. In contrast, for the children who
were typically-developing, word-level reading and structural spoken language accounted
for unique variance in their reading comprehension after controlling for full-scale IQ, but
social knowledge did not add any additional variance (McIntyre et al., 2018).
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Taken together, these investigations (Cronin, 2014; Lucas & Norbury, 2014,
2015; McIntyre et al., 2017; McIntyre et al., 2018) demonstrate the importance of
structural spoken language for reading comprehension. The studies by Lucas and
Norbury (2014, 2015) found no difference between the reading comprehension
performance of children with ASD –LI and their peers who were TD. Moreover, all
investigators reported moderate to strong relations between structural spoken language
skills and reading comprehension (Cronin, 2014; Lucas & Norbury, 2014, 2015;
McIntyre et al., 2017).
In contrast to the consistent findings of a relation between structural spoken
language and reading comprehension, there is less evidence for the role of ASD
symptomatology or non-verbal IQ in reading comprehension for children with ASD
especially when considered alongside other variables (e.g., Lucas & Norbury, 2015).
Further, the results suggest that reading comprehension is more impaired in children with
ASD when inferencing is required. These findings are largely in line with Brown and
colleagues’ meta-analysis (Brown et al., 2013) and the Simple View of Reading.
Reviewed next are the contributions the second component of the Simple View of
Reading, word-level reading, make to reading comprehension in elementary school-age
children with ASD.
Effects of Word-Level Reading on Reading Comprehension
In addition to structural spoken language, Lucas & Norbury (2014) investigated
the contribution of word-level reading to reading comprehension in children with ASD +
LI, children with ASD - LI, and children who were TD. Word-level reading was
measured with a real-word reading task and a pseudo-word reading task. Lucas &
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Norbury reported that the real-word reading and pseudo-word reading of children with
ASD + LI were significantly below the children with ASD – LI, as well as the children
who were TD. The children with ASD – LI and the children who were TD did not differ
on the real-word reading measures. In a simultaneous regression analysis, when
vocabulary and ASD symptomatology were controlled, word-level reading explained a
significant portion of the variance in reading comprehension (β = .23; sr = .2) in the
elementary school-age children with ASD + LI and the children with ASD – LI.
The children with ASD + LI in the investigation by Lucas & Norbury (2015)
performed significantly below their peers with ASD – LI and their TD peers (who did not
differ) on pseudo-word reading and real-word reading tasks. However, when considered
alongside chronological age, non-verbal IQ, vocabulary knowledge, verbal working
memory, and ASD symptomatology, word-level reading did not explain any significant
variance in the reading comprehension performance of the children with ASD.
In additional to structural spoken language, Cronin (2014) also examined the
zero-order correlations between performance on a composite score of two pseudo-word
reading tasks and reading comprehension for a group of elementary school-age children
with HFASD. The simple correlation between performance on the pseudo-word reading
tasks and reading comprehension was large (r = .72) and significant. Cronin also
examined the correlations between vocabulary, grammatical skills, and pseudo-word
reading. Vocabulary was moderately and significantly related to pseudo-word reading (r
= .55). The children’s grammatical sills were not significantly related to pseudo-word
reading. However, as noted previously, the measures of vocabulary and grammar loaded
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onto one factor, making it difficult to determine the differential contributions of
vocabulary and/or grammar to word-level reading.
McIntyre et al. (2017) used a real-word reading task, a pseudo-word reading task,
and text-level reading task to measure reading accuracy. Results indicated that the
children with HFASD performed similarly to the children who were TD on the measures
of pseudo-word and real-word reading, but below their TD peers on the measure of text
reading accuracy. Reading accuracy was not a significant predictor of reading
comprehension in either of the structural equation models. The relation between
structural spoken language and reading accuracy was significant (β = .76) suggesting that
the children with HFASD with higher reading accuracy scores tended to have better
structural spoken language skills. The investigation by McIntyre et al. (2018) mimic
those previously mentioned (e.g., Lucas & Norbury, 2015; McIntyre et al., 2017) in that
word-level reading was not a significant predictor of reading comprehension for the
children with ASD.
The findings on the contribution of word-level reading to reading comprehension
are mixed. Some studies suggested a moderate to strong relation between word-level
reading accuracy and reading comprehension (e.g., Cronin, 2014; Lucas & Norbury,
2014) whereas others reported no relation when word-level reading was considered
alongside a number of other factors (e.g., Lucas & Norbury, 2015; McIntyre et al., 2017;
McIntyre et al., 2018). For the most part, the children with ASD who had a structural
spoken language impairment performed below their peers with ASD and typical
structural spoken language on measures of word-level reading (e.g., Lucas & Norbury,
2014, 2015) suggesting an association between structural spoken language skills and
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word-level reading. Further, McIntyre et al. (2017) found word-level reading accuracy to
be moderately to strongly related to structural spoken language. Taken together, these
findings indicate that children with ASD with good word-level reading skills tend to have
stronger structural spoken language skills.
Spelling Skills in Elementary School-Age Children with ASD
Spelling refers to the act of translating speech to print. Although related to
reading (Graham & Santangelo, 2014), spelling is a distinct literacy skill that is learned
during the elementary school-age years and refined beyond these years. To date, only a
handful of investigators have measured the spelling skills of children with ASD (e.g.,
Åsberg, Kopp, Berg-Kelly, & Gillberg, 2010; Bailey & Arciuli, 2018; Kim et al., 2018;
Mayes & Calhoun, 2003b). Some of these investigations have focused on the relation
between IQ and overall academic achievement with spelling being one of the various
outcome measures (e.g., Estes et al., 2011; Kim et al., 2018).
Recently, Finnegan and Accardo (2018) conducted a meta-analysis on the written
expression skills of children with ASD. Five studies published between the years 2005
and 2015 included spelling as an outcome measure. The number of participants for which
spelling data were available was 105.

Inclusion criteria for the meta-analysis were:

studies had to have measured spelling in a meaningful context, were published in
English, and included children diagnosed with ASD and a comparison group of children
who were typically-developing. The studies reviewed included individuals with varying
degrees of ASD symptomatology. Three studies measured spelling to dictation (Åsberg
et al., 2010; Cartmill, Rodger, Ziviani, 2009; Myles et al., 2003) and two measured the
number of spelling errors in writing samples of connected text (Brown, Johnson, Smyth,

26

& Cardy, 2014; Brown & Klein, 2011). Although the effect size was small (g = .28),
results indicated that the spelling performance of the children with ASD was significantly
below their peers who were typically-developing (Finnegan & Accardo, 2018).
Some investigations on spelling in elementary school-age children with ASD
were not included in the meta-analysis by Finnegan & Accardo (2018) because a)
spelling was not measured in a meaningful context (Newman et al., 2007), b) the study
did not include a comparison group (Mayes & Calhoun, 2003b; Estes et al., 2011), or c)
the study was published beyond the year 2015 (Kim et al., 2018). Mayes & Calhoun
(2003a) examined the spelling skills and their relation to IQ in 94 children with ASD
(mean age 5.9). Spelling was measured using a standardized dictation task. For children
with ASD and IQs below 80, spelling performance was below the average range. In
contrast, spelling performance was within the average range for the children with IQs
greater than 80. The relation between IQ and spelling was moderate for both the children
with higher IQs (r = .63) and those with lower IQs (r = .54). Estes et al. (2011) also
investigated the academic achievement of 30, nine-year-old children with HFASD.
Spelling was measured using a standardized achievement test. Results indicated that
spelling was in the average range for the individuals with HFASD and that it was not
related to IQ.
Newman et al. (2007) examined the spelling skills of 20 children with ASD with
hyperlexia (mean age 10.41), 20 children without hyperlexia (mean age 12.33) and a
comparison group of 18 children who were TD (mean age 9.99). All groups of children
were matched on word-level reading. Spelling was measured with a standardized
pseudo-word spelling task. The spelling performance of the children with ASD and
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hyperlexia was not significantly different from the performance of the children with ASD
without hyperlexia, or the children who were TD. The children with ASD without
hyperlexia performed significantly below the children who were TD. Notably, however,
all groups demonstrated spelling scores that were in the average range.
Most Recently, Kim et al. (2018) measured the academic achievement of 74
children with ASD who were nine years of age. Similarly to Mayes and Calhoun (2003a),
the children made up two groups, one with children who had IQs below 85 (n = 47) and
the other with children who had IQs > 85 (n = 27). Spelling was measured via a
standardized dictation task. Results indicated that the mean standard score of the children
in the lower- IQ group was below the average range. On the other hand, the children in
the higher-IQ group performed, on average, within typical limits.
In sum, the findings are mixed in regard to how well elementary school-age
children with ASD are able to spell. For example, Finnegan and Accardo (2018) and
Newman et al. (2007) found the spelling performance of the children with ASD (only
those without hyperlexia in Newman et al., 2007) to be below their peers who were TD.
However, in both of these investigations and others (Kim et al., 2018; Mayes & Calhoun,
2003a) the spelling skills of the children with ASD were in the average range. The
findings also are inconsistent in regard to the role IQ plays in the children’s ability to
spell. One study found no relation between IQ and spelling ability (Estes et al., 2011)
and others noted lower spelling performance for children with lower IQs compared to
children with higher IQs (Kim et al., 2018; Mayes & Calhoun, 2003a). Overall, it seems
the spelling skills of elementary school-age children with ASD are highly variable and
may or may not present a challenge for these individuals.
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Linguistic Awareness Skills in Elementary School-Age Children with ASD
Linguistic awareness refers to the ability to consciously think about and
manipulate different components of language. Phonological awareness is the ability to
consciously think about and manipulate syllable units and/or phonemes of language
(Vellutino & Scanlon, 1987). Prosodic awareness is defined as “… the ability to perceive
cues that relate to duration, intensity, pitch and pausing [of the speech stream]” (Nash &
Arciuli, 2016, p. 74). Orthographic awareness refers to an individual’s awareness of how
speech is represented in print (Apel, 2011). Morphological awareness is an individual’s
ability to consciously consider and manipulate morphemes, the smallest units of meaning
in language (Apel & Werfel, 2014). One or more of these linguistic awareness skills have
been found to be important predictors for reading comprehension, word-level reading,
and spelling in elementary school-age children without ASD (e.g., Apel et al., 2012; Clin,
Wade-Woolley, & Heggie, 2009; Deacon & Kirby, 2004; Holliman, Mundy, WadeWoolley, Wood, & Bird, 2017). Little attention, however, has been given to the relation
between linguistic awareness skills and literacy achievement in children with ASD.
Those studies which have investigated the linguistic awareness skills of children with
ASD have only considered their influence on word-level reading, not reading
comprehension or spelling, with the exception of one investigation (Bailey & Arciuli,
2018).
Phonological Awareness
To date, three studies have documented the relation between phonological
awareness and word-level reading (Cronin, 2014; Nash & Arciuli, 2016; Smith Gabig,
2010) and one pair of investigators examined the relation between phonological
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awareness and spelling (Bailey & Arciuli, 2018) for elementary school-age children with
ASD. Smith Gabig (2010) compared the phonological awareness skills of 14 children
with HFASD (mean age 6; 5 [years; months]) with those of 10 age-matched peers who
were TD. Phonological awareness was measured with a standardized elision task that
required the children to say a word after deleting a syllable or phoneme from that word
(e.g., /b/-/a/-/t/ > /a/-/t/) and a blending task that required them to blend phonemes after
they heard them in isolation (e.g., /b/-/a/-/t/ > /bat/). Word-level reading was measured
with a real-wording task and pseudo-word reading task. The children with HFASD’s
performance on both measures of phonological awareness were significantly below their
peers who were TD. In contrast, there was no difference between the groups’
performance on the word-level reading measures with both groups performing within the
average range. Pearson correlations were conducted to determine the relation between
phonological awareness and word-level reading. Performance on the phonological
awareness measures were not significantly related to real-word or pseudo-word reading
for the children with HFASD whereas performance on the elision task was strongly and
positively related to pseudo-wording reading for the children who were TD.
In a somewhat similar study, Cronin (2014) investigated the phonological
awareness skills of 13 children with HFASD. Phonological awareness was measured with
a standardized test that included tasks which required the children to manipulate syllables
as well identify and blend phonemes and segment words into phonemes. Word-level
reading was measured with two pseudo-word reading tasks, and on these latter tasks the
children’s mean scores were within the average range. No significant relation was
detected between the children’s performance on the phonological awareness tasks and
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their decoding performance (Cronin, 2014). Unlike Smith Gabig (2010), Cronin did not
compare the performance of children with HFASD to the performance of children who
were TD.
Although not the primary focus of their investigation, Nash and Arciuli (2016)
investigated the phonological awareness skills of 29 children with ASD (mean age 8.08).
For the children below the age of 7, standardized elision, blending, and phoneme
matching tasks were used to measure phonological awareness. The children aged 7-12
completed standardized elision and blending tasks. Word-level reading was measured
with a real-word and pseudo-word reading task. A strong and significant positive
correlation was found between a phonological awareness composite and real-word
reading (r = .74) and the phonological awareness composite and pseudo-word reading (r
= .89).
Based on the abovementioned findings, it is difficult to definitively determine the
relation between phonological awareness and word-level reading in elementary schoolage children with ASD. Two studies reported no evidence of a relation (Cronin, 2014;
Smith Gabig, 2010) whereas the other reported a strong and significant relation (Nash &
Arciuli, 2016). The differences in these findings may be due to task differences and/or
the age of participants. Smith Gabig measured elision and segmenting in 6-year-old
children and examined the relation between their performance on these measures and
word-level reading separately. In contrast, Cronin (2014) and Nash and Arciuli (2016)
measured the phonological awareness skills of children with an average age of nine and
eight, respectively. Cronin as well as Nash and Arciuli also combined their phonological
awareness tasks into a composite score, which may have contributed to the differences in
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the findings. It also is possible that the mixed nature of these findings are representative
of the heterogeneity of children with ASD in general.
Bailey and Arciuli (2018) found that performance on an elision task was strongly
and positively related to spelling for school-age children with ASD. Performance on a
blending task was not significantly related to the spelling performance of these children.
Performance on the elision task accounted for over 20% of unique variance on the
spelling scores of the children with ASD when considered alongside other variables. The
investigation by Bailey and Arciuli was the first to investigate component skills involved
in the spelling performance of children with ASD.
Prosodic Awareness
The primary focus of the study by Nash and Arciuli (2016) was the role prosodic
awareness plays in the word-level reading of children with ASD. To date, they are the
only research team who has investigated this skill in elementary school-age children with
ASD. Prosodic awareness was measured via the Mispronunciation task (Holliman et al.,
2017) and the Compound Noun task (Whalley & Hansen, 2006). The Mispronunciation
task required the participants to identify pictures of two-syllable words when the word
was pronounced with the primary stress reversed (e.g., girAFFE > GIRaffe). The
Compound Noun task required the participants to listen to a phrase and choose which of
two drawings it described. One of the drawings depicted two items and the other
depicted three. The stress assignment and pausing of the phrases indicated whether there
were two or three items (e.g., ‘breadstick and eggs’ vs. ‘bread, stick, and eggs’).
Performance on the Mispronunciation task was strongly and significantly correlated with
performance on the word-level reading tasks (r = .76 for real-word reading; r = .71 for
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pseudo-word reading), but performance on the Compound Noun task was not
significantly related to either word-level reading measure. These findings suggest that
only certain types of prosodic awareness may be related to word-level reading in children
with ASD.
Orthographic Awareness
There are two components of orthographic awareness, lexical orthographic
awareness and sublexical orthographic awareness (Apel, Henbest, & Masterson, 2019).
Lexical orthographic awareness refers to an individual’s stored mental images of written
words and is often measured via an orthographic choice task. During an orthographic
choice task, an individual is presented with two written words, one which is a legal,
phonological plausible spelling of the word, and the other which is the correct spelling of
the word (e.g., rane vs. rain; Olson, Forsberg, Wise, & Rack, 1994). The individual is
instructed to circle the word that is the real word. Sublexical orthographic awareness
refers to an individual’s awareness of the rules and/or patterns that govern a language’s
orthography. Sublexical orthographic awareness often is measured via a word-likeness
task in which the individual is presented with two written pseudo-words, one which
violates an orthographic rule and the other which conforms to orthographic conventions
(e.g., niip vs neep; Cassar & Treiman, 1997). The individual is instructed to circle the
word that looks most like a real word. Sublexical orthographic awareness also can be
measured by assessing an individual’s alphabetic awareness, or awareness of which
letters or letter combinations represent certain speech sounds (Apel et al., 2018). To
date, no investigators have examined the relation between lexical or sublexical
orthographic awareness and literacy in children with ASD.
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Morphological Awareness
A variety of morphological awareness tasks have been used to assess children’s
morphological awareness. One commonly used task, a relatives task (Apel, Brimo,
Diehm, & Apel, 2013; Carlisle, 2000), assesses an individual’s awareness of morphology,
specifically their knowledge of the relation between a base word and its inflected or
derived form. For this task, the individual is provided with a spoken base word and then
asked to complete a sentence using the inflected or derived form of the word (e.g., “Farm.
My uncle is a _________.”; Carlisle, 2000). Morphological awareness has been
investigated only once in elementary school-age children with ASD. As reported earlier,
the participants in McIntyre et al. (2017) completed a spoken relatives task. However,
this task was combined with performance on other tasks to create a composite language
score. Therefore, the independent relation between morphological awareness and wordlevel reading could not be determined.
In sum, little is known regarding the phonological and prosodic awareness skills
of elementary school-age children with ASD. Emerging evidence suggests that
phonological awareness and prosodic awareness may play an important role in the wordlevel reading of elementary school-age children with ASD. Currently, there is no
information on other linguistic awareness skills such as orthographic awareness and
morphological awareness in elementary-school age children with ASD.
Suggestions for Future Research
The first purpose of this review was to describe what is known about the reading
comprehension, word-level reading, spelling, and linguistic awareness skills of
elementary school-age children with ASD. The second purpose was to identify gaps in
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the literature that need to be addressed in future research. In the following sections, the
findings reviewed herein are briefly summarized and suggestions for future research are
provided.
Reading Comprehension
In general, elementary school-age children with ASD, particularly those with
structural spoken language impairments, experience difficulty with reading
comprehension (e.g., Brown et al., 2013). Further, understanding text that requires social
knowledge or inferencing seems to be particularly difficult for these children (Brown et
al., 2013; Lucas & Norbury, 2015; McIntyre et al. 2018; Ricketts et al., 2013).
Additionally, structural spoken language and word-level reading appear to play an
important role in the reading comprehension skills of elementary school-age children
with ASD (but see McIntyre et al., 2018 for an exception) whereas non-verbal IQ and
ASD symptomatology appear to have less of an influence (e.g., Brown et al., 2013; Lucas
& Norbury, 2015).
To continue to advance our knowledge on the reading comprehension skills of
elementary school-age children with ASD, some gaps in the literature that expand beyond
the Simple View of Reading need to be addressed. Although the Simple View of Reading
has proved useful for examining the roles of spoken language and word-level reading for
reading comprehension, experts agree that reading comprehension is a multi-dimensional
construct that relies on a number of additional factors (e.g., Adlof, Catts, & Lee, 2010;
Catts & Kamhi, 2017; Cain, Oakhill, & Bryant, 2004). One of these factors, background
or world knowledge, has been found to impact reading comprehension in children
without ASD (e.g., Catts & Kamhi, 2017; Langer, 1984). Thus, research should consider

35

investigating the impact of background knowledge on reading comprehension in
elementary school-age children with ASD by including measures of background
knowledge and controlling for background knowledge in future investigations.
Secondly, given their documented difficulty with production of the prosodic
rhythm of speech (e.g., Paul et al., 2005; Shriberg et al., 2001) prosody in production of
spoken language should be examined to determine whether it plays a role in the reading
comprehension of children with ASD. Next, given their documented difficulty with
answering reading comprehension questions requiring social knowledge (e.g., Brown et
al., 2013), it is important to continue to examine the impact of social knowledge and
social skills on reading comprehension in school-age children with ASD. Although some
researchers have investigated the relation between social knowledge and reading
comprehension in elementary school-age children (e.g., McIntyre et al., 2018), the
majority of investigations have been on children in the secondary school-age range (e.g.,
Jones et al., 2009; Ricketts et al., 2013).
Thus, work is still needed on the effects of social skills on reading comprehension
in elementary-school age children with ASD. Using measures of social-communication
(e.g. Landa, Holman, O’Neill, & Stuart, 2011; Landa, 2013), future studies should
investigate the role social-communication skills may play in reading comprehension after
accounting for structural spoken language and word-level reading. Finally, for a more
comprehensive understanding of the reading comprehension skills of children with ASD,
the magnitude of the relations between potential contributing factors and reading
comprehension in these children should be compared to the magnitude of these relations
in children without ASD.
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Word-Level Reading
Overall, the word-level reading skills of elementary school-age children with
ASD appear to be intact and similar to children who are TD, although large variability
has been well-documented (e.g., Brown et al., 2013). This is especially true for children
with ASD who have typical structural spoken language skills; children who are better
word readers tend to have better structural spoken language skills as well (e.g., Lucas &
Norbury, 2015). To date, however, word-level reading has mostly served as a control or
predictor variable for reading comprehension in studies on the literacy skills of children
with ASD (e.g., Lucas & Norbury, 2014, 2015) with few exceptions (e.g., Nash &
Arciuli, 2016; Smith Gabig, 2010).
To better understand the mechanisms behind word-level reading in children with
ASD, future research also should investigate word-level reading as a primary outcome
variable. Additionally, investigators should continue to examine the relation between
structural spoken language and word-level reading in children with ASD while also
comparing the strength of these correlations to the strength of those in children who are
TD. Making word-level reading the focus of future work and continuing to examine its
potential contributing factors will allow for a more complete understanding of word-level
reading in elementary school-age children with ASD.
Spelling
The extant research suggests that the spelling skills of children with ASD may be
lower than their peers who are TD (Newman et al., 2007) and that spelling performance
is related to IQ (e.g., Mayes & Calhoun, 2003a). However, not enough studies have been
completed for this to be definitive. Future research is needed not only in regard to the
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spelling performance of children with ASD and how they perform compared to children
who are TD, but also on how the spelling performance of children with ASD with typical
structural spoken language compare to children with ASD who have a structural spoken
language impairment. Additionally, research is needed on factors in addition to IQ, such
as vocabulary, which may contribute to spelling performance. As with reading
comprehension and word-level reading, future research should compare the magnitude of
relations among the factors contributing to spelling in children with ASD with those of
children who are TD.
Linguistic Awareness
Some investigators have examined the phonological awareness skills of
elementary school-age children with ASD and how these skills relate to their word-level
reading or spelling (e.g., Bailey & Arciuli, 2018; Cronin, 2014; Nash & Arciuli, 2016;
Smith Gabig, 2010). Two of these studies found no relation between phonological
awareness and word-level reading (Cronin, 2014; Smith Gabig, 2010) whereas one found
a strong relation between phonological awareness and word-level reading (Nash &
Arciuli, 2016). One investigation found a strong relation between performance on an
elision task and spelling for children with ASD (Bailey & Arciuli, 2018). Only one study
has compared the phonological awareness skills of children with ASD to those of their
peers who were TD (Smith Gabig, 2010).
To disentangle the currently mixed findings, researchers should continue to
investigate the phonological awareness skills of children with ASD and their relation to
word-level reading, as well as compare these skills to children who are TD. It also will
be important to compare the phonological awareness skills of children with ASD who
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have typical structural spoken language with those who have structural spoken language
impairments. Investigators also should examine the relation between phonological
awareness and reading comprehension and continue to examine the relation between
phonological awareness and the spelling skills of children with ASD.
One pair of investigators has examined the prosodic awareness skills of
elementary school-age children with ASD and its relation to word-level reading (Nash &
Arciuli, 2016). In this investigation, the prosodic awareness skills of children with ASD
were not compared to children who were TD. Results of the investigation suggested that
one measure of prosodic awareness was related to word-level reading whereas the other
was not. Clearly, more investigations are needed to understand task-based performance
differences and to determine the type of prosodic awareness that may be most important
for word-level reading in children with ASD. Additionally, investigators should compare
the prosodic awareness of children with ASD who have a structural spoken language
impairment with those with ASD who have typical structural language, as well as
children who are TD. Studies also are needed that examine the relation between prosodic
awareness and spelling and reading comprehension.
Currently, there is no information on the orthographic awareness of elementary
school-age children with ASD. Researchers might consider examining the lexical and
sublexical orthographic awareness of elementary school-age children with ASD to
determine their influence on word-level reading, reading comprehension, and spelling.
Moreover, investigators should compare these skills to those of children who are TD to
determine potential differences in the magnitude of the relation between orthographic
awareness and literacy skills between the two groups.

39

One team of researchers investigated the morphological awareness skills of
elementary school-age children with ASD (McIntyre et al., 2017). However, because
morphological awareness was included in a composite measure of language skills, its
relation to word-level reading could not be determined. In the future, researchers should
directly investigate the relation between morphological awareness and word-level
reading, reading comprehension, and spelling. Additionally, investigators should include
a group of children who are TD to examine potential differences in performance between
children with ASD and children who are TD.
Conclusion
Much work is left to be done regarding our understanding of literacy skills in
children with ASD. Based on the available evidence, research needs to continue to
investigate the structural spoken language skills of children in ASD while at the same
time extending this work beyond the Simple View of Reading to examine other potential
factors involved in the reading comprehension and word-level reading of these children.
Critically, more studies should focus on the factors that contribute to word-level reading
and spelling skills of these children. Finally, given the relation between structural spoken
language and reading comprehension, it is likely that linguistic awareness skills, which
have not been thoroughly examined in this population, will be related to their literacy
skills. Thus, future work on the linguistic awareness skills of children with ASD will
help solidify and build the foundation needed to develop theoretically-sound
interventions aimed at improving the literacy skills of children with ASD.
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CHAPTER 2

THE RELATION OF LINGUISTIC AWARENESS SKILLS TO READING AND
SPELLING IN ELEMENTARY SCHOOL-AGE CHILDREN WITH AND WITHOUT
AUTISM SPECTRUM DISORDER 2

2

Henbest, V.S. & Apel, K. To be submitted to Reading and Writing.
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ABSTRACT
Few investigations have focused on the skills involved in reading and spelling for
elementary school-age children with ASD and compared those skills to peers without
ASD. This study examined the relation between the phonological, prosodic, orthographic,
and morphological awareness skills of elementary school-age children with ASD and
their word-level reading, reading comprehension, and spelling skills and compared the
magnitude of these relations with those found in children without ASD. The linguistic
awareness skills of children with ASD then were compared to children without ASD who
were age, non-verbal IQ, and word-reading matched. Results indicated moderate-tostrong positive correlations between performance on the linguistic awareness measures
and literacy outcomes for the children with ASD and weak-to-strong positive correlations
for the children without ASD. The magnitude of the relation between one measure of
morphological awareness and reading comprehension was particularly larger for the
children with ASD compared to the children without ASD. Further, when matched on
age, non-verbal IQ, and real-word reading, children without ASD performed better than
children with ASD on the linguistic awareness measures. These initial findings suggest
that like children without ASD, the ability to consciously consider and manipulate
language may be important for successful reading and spelling for children with ASD.
Additionally, the linguistic awareness skills of children with ASD may be less developed
than their peers without ASD. Future investigations should consider determining the
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unique contribution each linguistic awareness skill makes to the literacy outcomes of
these children.
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Individuals with Autism Spectrum disorder (ASD) experience difficulties with
social-communication (i.e., pragmatic language), have restricted interests, and exhibit
repetitive behavior patterns that often co-occur with other impairments in spoken
language and/or an intellectual disability (American Psychiatric Association, 2013). The
communicative, social, cognitive, and academic functioning of children with ASD is
highly variable (e.g., Brown, Oram-Cardy, & Johnson, 2013; Kim, Bal, & Lord, 2018;
Kjelgaard & Tager-Flusberg, 2001; Ricketts, Jones, Happé, & Charman 2013). All
children with ASD experience difficulty with social skills, but to different levels of
severity (e.g., American Psychiatric Association, 2013; Jones & Schwartz, 2009),
including difficulty processing and producing the prosodic rhythm of spoken language
(e.g., Paul, Augustyn, Klin, & Volkmar, 2005; Shriberg et al., 2001). Approximately
55% of children with ASD have an intellectual disability (i.e., IQs < 70; e.g., Charman,
Pickles, Simonoff, Chandler, & Baird, 2011) and approximately 63% have intelligence
scores which fall somewhere below the average range (i.e., IQ < 85; Kim et al., 2018).
To date, few studies have focused on the academic abilities, particularly literacy
skills, of children with ASD (e.g., Keen, Webster, & Ridley, 2016; Machalicek et al.,
2008). Thirty percent of children with ASD spend the majority of their school day in a
special education classroom (National Center for Educational Statistics, 2016). Given that
a substantial portion of children with ASD may not be accessing the general education
curriculum, research is needed to better understand how these students’ literacy skills
may play a role in educational programming. On the other hand, approximately 40% of
children with ASD spend the majority of their school day in a general education
classroom (National Center for Education Statistics, 2016). Thus, a better understanding
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of the skills involved in the literacy of achievement of children with ASD, who have
access to and may be successfully meeting the academic/literacy requirements of the
general education classroom, may provide initial information on how to improve
educational outcomes for children with ASD who struggle with literacy.
Although the reading skills of children with ASD have received more attention in
recent years (e.g., Brown et al., 2013; Cronin, 2014; McIntyre et al., 2017), these
investigations have been limited in scope, with most investigations focusing only on the
contribution spoken language makes to reading comprehension after accounting for
word-level reading and/or text-level reading accuracy (e.g., Lucas & Norbury, 2014,
2015). Few investigations have examined these children’s word-level reading or spelling
skills as primary variables of interest (e.g., Cronin, 2014; Finnegan & Accardo, 2018).
Additionally, other potentially important skills that support reading and spelling, such as
linguistic awareness, the ability to consciously think about and manipulate language,
have received little attention. Thus, the purpose of this investigation was to understand
the relations between multiple linguistic awareness skills and word-level reading, reading
comprehension, and spelling in elementary school-age children with ASD and to compare
the strength of these relations to those of children without ASD. In addition, performance
on the linguistic awareness tasks was compared for a group of children with ASD who
were matched to a group of children without ASD on age, non-verbal IQ, and real-word
reading.
Literacy Skills of Children with ASD
The reading skills of children with ASD have largely been examined under the
framework of the simple view of reading (SVR) which states that reading comprehension
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is the product of spoken language competence and word-level reading accuracy (Gough
& Tunmer, 1986; Hoover & Gough, 1990). Results from these investigations suggest
that although children with ASD may have some success with word-level reading, on
average, the reading comprehension skills of children with ASD are significantly below
that of their peers who are typically-developing, particularly when the children with ASD
also have a spoken language impairment (e.g., Brown et al., 2013; Lucas & Norbury,
2015). Additionally, studies have demonstrated that, like for children without ASD,
spoken language skills (e.g., vocabulary) are important predictors of reading
comprehension for children with ASD (e.g., Brown et al., 2013; Lucas and Norbury,
2014; 2015; McIntyre et al., 2017).
Findings on the contribution of word-level reading to reading comprehension
have been mixed. Some studies have suggested a moderate to strong relation between
word-level reading accuracy and reading comprehension (e.g., Cronin, 2014; Lucas &
Norbury, 2014) while others have reported that word-level reading is not a predictor of
reading comprehension when considered alongside a number of other factors (e.g.,
vocabulary, working memory, inferencing skills; Lucas & Norbury, 2015; McIntyre et
al., 2017). These findings suggest that the roles spoken language and word-level reading
play in reading comprehension for elementary school-age children with ASD is generally
in line with the SVR and may be similar to the relations found in children without ASD
(e.g., Adlof, Catts, & Little, 2006; Catts, Adlof, & Weismer, 2006).
On average, the word-level reading skills of individuals with ASD have been
found to be within or near typical limits, but highly variable (Brown et al., 2013; Lucas &
Norbury, 2014, 2015). For example, Lucas and Norbury (2014) studied 25 school-age
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children with ASD who also had a spoken language impairment and 12 of them read
words well enough to successfully read connected text whereas 13 demonstrated such
difficulty with reading single words that they could not read words in sentences. As with
reading comprehension, spoken language skills appear to play an important role in wordlevel reading for children with ASD (e.g., Lucas & Norbury, 2014, 2015). Not only have
investigators reported strong relations between spoken language skills (e.g., vocabulary,
inferencing abilities) and word-level reading in children with ASD, children with ASD
with good word-level reading skills tend to have stronger spoken language skills (Lucas
& Norbury, 2014; 2015; McIntyre et al., 2017).
Findings from a recent meta-analysis suggest that the spelling performance of
children with ASD is significantly below that of their peers who are typically-developing
(Finnegan & Accardo, 2018). However, other investigators have reported that the
spelling skills of children with ASD are in the average range (Kim et al., 2018; Mayes &
Calhoun, 2003). Children’s IQ has been investigated as a potential factor that may
influence spelling performance and the findings are mixed. One investigation found no
relation between IQ and spelling performance (Estes, Rivera, Bryan, Cali, & Dawson,
2011) whereas others noted lower spelling performance for children with lower IQs
compared to children with higher IQs (Kim et al., 2018; Mayes & Calhoun, 2003). The
role spoken language skills play in spelling performance for elementary school-age
children with ASD has not been investigated.
The Contribution of Linguistic Awareness Skills to Reading and Spelling
Linguistic awareness refers to the ability to consciously manipulate and reflect on
units of spoken and/or written language (Berninger, Abbott, Nagy, & Carlisle, 2010).
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Multiple linguistic awareness skills have been found to be important for success with
reading and spelling in children who are developing typically (e.g., Apel & Henbest,
2016; Apel, Wilson-Fowler, Brimo, & Perrin, 2012; Bus & van IJzendoorn, 1999;
Holliman, Wood, & Sheehy, 2008; Roman, Kirby, Parrila, Wade-Woolley, & Deacon,
2009; Whalley & Hansen, 2006) and the development of these skills occurs primarily
between 1st and 6th grade (Berninger et al., 2010). Of interest in the current study are
phonological awareness, prosodic awareness, orthographic awareness, and morphological
awareness.
Phonological awareness, which is the ability to consciously think about and
manipulate syllable units and/or phonemes of language (e.g., Vellutino & Scanlon, 1987),
has long been a well-established predictor of literacy success for children who are
typically-developing (e.g., Bus & van IJzendoorn, 1999; National Reading Panel, 2000;
Vellutino & Scanlon, 1987). Likewise, prosodic awareness which is defined as “… the
ability to perceive cues that relate to duration, intensity, pitch and pausing [of the speech
stream]” (Nash & Arciuli, 2016, p. 74) also has been found to be important for children’s
literacy success. Poor readers generally demonstrate less developed prosodic sensitivity
than do good readers (Wood & Terrell, 1998; Wood, Wade-Woolley, & Holliman, 2009).
Results of investigations on children without ASD have found that prosodic awareness is
related to and predictive of word-level reading, reading comprehension, and spelling even
after controlling for other known predictors of literacy achievement (e.g., Holliman,
Wood, & Sheehy, 2008, 2010; Whalley & Hansen, 2006; Wood, 2006).
Orthographic awareness refers to an individual’s awareness of how speech is
represented in print (Apel, 2011). Two components of orthographic awareness have been
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investigated in children without ASD and have been found to be related to and predictive
of word-level reading and spelling (e.g., Apel et al., 2012; Deacon, 2012; Ouellette &
Sénéchal, 2008; Roman et al., 2009). The first of these two components is lexical
orthographic awareness which refers to an individual’s stored mental images of written
words (Apel, 2011). Investigations have found that lexical orthographic awareness is
related to and predictive of word-level reading in elementary school-age children (e.g.,
Deacon, 2012; Deacon, Benere, & Castles, 2012). Sublexical orthographic awareness
refers to an individual’s knowledge of the rules and/or patterns that govern a language’s
orthography (Apel, 2011). Children’s sublexical orthographic awareness also has been
found to be related to and predictive of word-level reading and spellings skills in children
without ASD (e.g., Apel et al., 2012; Ouellette & Sénéchal, 2008).
Morphological awareness is an individual’s ability to consciously consider and
manipulate morphemes, the smallest units of meaning in language (Apel & Werfel,
2014). Performance on measures of morphological awareness has been found to relate to
and predict word-level reading, reading comprehension, and spelling in elementary
school-age children without ASD after controlling for other linguistic-based skills (Apel
& Henbest, 2016; Apel et al., 2012; Deacon & Kirby, 2004; Kemp, 2006; Roman et al.,
2009). In one study, morphological awareness was the only significant predictor of
literacy outcomes when considered alongside other linguistic awareness factors (e.g.,
Apel et al., 2012).
Theoretical Framework
According to Triple Word Form Theory (Berninger, 2003; Berninger et al., 2010),
and Repertoire Theory (Masterson & Apel, 2007), two highly consistent theories of the
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role of linguistic awareness skills in literacy development, multiple sources of linguistic
awareness (i.e., phonological awareness, orthographic awareness, and morphological
awareness), must be coordinated to successfully read and spell. Further, these multiple
sources of linguistic information, which begin developing in the preschool/kindergarten
years, may be differentially accessed dependent on the demands of the literacy task itself.
For example, when reading an unknown morphologically complex word such as
‘unhappily,’ an individual may access his knowledge of each of the word’s constituents
(e.g., ‘un’ means ‘not’; ‘happy’ means “glad” and ‘ly’ means “in the manner of”) and
deduce the word’s meaning. Likewise, when reading an unknown mono-morphemic word
such as ‘feed,’ an individual likely relies on his phonological and orthographic
awareness. He uses his orthographic awareness to determine that the letter ‘f’ makes the
/f/ sound, the double ‘ee’ letters make the /i/ sound and the letter ‘d’ makes the /d/ sound.
Then, he applies his phonological awareness skills to either blend the sounds together to
read the word or segment the word into sounds to spell the word.
In support of Triple Word Form and Repertoire theories (Berninger et al., 2010;
Masterson & Apel, 2007), one or more of the aforementioned linguistic awareness skills
have been found to be important predictors of word-level reading, reading
comprehension, and spelling in elementary school-age children without ASD (e.g., Apel,
Wilson-Fowler, Brimo, & Perrin, 2012; Clin, Wade-Woolley, & Heggie, 2009; Deacon &
Kirby, 2004; Holliman, Mundy, Wade-Woolley, Wood, & Bird, 2017). However, little
attention has been given to the relation between linguistic awareness skills and literacy
achievement in children with ASD. Further, those studies which have investigated the
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linguistic awareness skills of children with ASD have only considered them in regard to
word-level reading and spelling, not reading comprehension.
Linguistic Awareness Skills of Children with ASD
To date, three studies have documented the relation between phonological
awareness and word-level reading in elementary school-age children with ASD (Cronin,
2014; Nash & Arciuli, 2016; Smith-Gabig, 2010) and one has investigated the relation
between phonological awareness and spelling for these children (Bailey & Arciuli, 2018).
Smith-Gabig (2010) compared the phonological awareness skills of 14 children with
ASD (mean age 6; 5 [years; months]) with those of 10 age-matched peers who were
typically-developing. Phonological awareness was measured with a standardized elision
task that required the children to say a word after deleting a syllable or phoneme from
that word, and a blending task that required them to blend phonemes after they heard
them in isolation. Word-level reading was measured with a real-word reading task and
pseudo-word reading task. The performance of the children with ASD on both measures
of phonological awareness was significantly below their peers who were typicallydeveloping. In contrast, there was no difference between the groups’ performance on the
word-level reading measures with both groups performing within the average range.
Performance on the phonological awareness measures were not significantly related to
real-word or pseudo-word reading for the children with ASD whereas performance on the
elision task was strongly and positively related to pseudo-wording reading for the
children who were developing typically.
In a similar study, Cronin (2014) investigated the phonological awareness skills of
13 children with ASD (between the ages of 6 to 14). Phonological awareness was
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measured with tasks which required the children to manipulate syllables as well as
identify and blend phonemes and segment words by phonemes. Word-level reading was
measured with two pseudo-word reading tasks. No significant relation was detected
between the children’s performance on the phonological awareness tasks and their
decoding performance (Cronin, 2014).
Nash and Arciuli (2016) investigated the phonological awareness skills of 29
children with ASD (mean age 8.08). For the children below the age of seven, elision,
blending, and phoneme matching tasks were used to measure phonological awareness.
The children aged 7-12 completed elision and blending tasks. Word-level reading was
measured with a real-word and pseudo-word reading task. Strong and significant positive
correlations were found between a phonological awareness composite and real-word
reading (r = .74) and a phonological awareness composite and pseudo-word reading (r =
.89).
To date, Bailey and Arciuli (2018) are the only investigators to have examined the
relation between phonological awareness and spelling for elementary school-age children
with ASD. In a sample of 20 children with ASD ages 5-12, the researchers found that
performance on an elision task was strongly and positively related to spelling
performance and when considered alongside other variables, performance on this task
accounted for over 20% of unique variance in the spelling scores of the children with
ASD. Taken as a whole, there appears to be mixed results regarding the nature of the
relation among performance on multiple measures of phonological awareness and wordlevel reading for children with ASD. Based on the one investigation by Bailey and
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Arciuli, spelling performance does appear to be related to the phonological awareness
skills of children with ASD.
To date, only one research team has investigated the role prosodic awareness
plays in the word-level reading of elementary school-age children with ASD (Nash &
Arciuli, 2016). Prosodic awareness was measured via a Mispronunciation task (Holliman
et al., 2010) and a Compound Noun task (Whalley & Hansen, 2006). The
Mispronunciation task required the participants to identify pictures of two-syllable words
when the word was pronounced with the primary stress reversed (e.g., girAFFE >
GIRaffe). The Compound Noun task required the participants to listen to a phrase and
choose which of two drawings it described; one which depicted two items and the other,
three. The stress assignment and pausing of the phrases indicated the number of items
(e.g., ‘breadstick and eggs’ vs. ‘bread, stick, and eggs’). Performance on the
Mispronunciation task was strongly and significantly correlated with real-word reading (r
= .76) and pseudo-word reading (r = .71), but performance on the Compound Noun task
was not significantly related to either word-level reading measure. These findings suggest
that only certain types of prosodic awareness may be related to word-level reading in
children with ASD.
To date, no investigators have examined the relation between lexical or sublexical
orthographic awareness and word-level reading in elementary-school age children with
ASD. Further, only one study (McIntyre et al.,2017) investigated the morphological
awareness skills of elementary school-age children with ASD. McIntyre et al. used a
spoken relatives task in which the children, after given a base word, were required to
produce a derived word to complete a sentence (e.g., farm. My uncle is a _______;
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Carlisle, 2000). However, because this morphological awareness task was included in a
composite measure of spoken language skills rather than treated separately as a linguistic
awareness skill, the independent relation between morphological awareness and wordlevel reading could not be determined.
In sum, little is known regarding the linguistic awareness skills of elementary
school-age children with ASD. Emerging evidence suggests that phonological awareness
and prosodic awareness may be related to the word-level reading of elementary schoolage children with ASD, but the findings are mixed and there are too few studies that have
been conducted to clearly understand these relations. Additionally, little information is
available regarding the orthographic awareness and morphological awareness skills of
elementary-school age children with ASD including evidence regarding how these
linguistic awareness skills relate to the spelling and reading comprehension performance
of these children and whether these relations are similar to or different from those found
in children without ASD. Finally, only one study (Smith-Gabig, 2010) has compared one
linguistic awareness skill (phonological awareness) of children with ASD to those of
children without ASD and found that the phonological awareness skills of children with
ASD were below those of their peers who were typically-developing. Clearly, more
information is needed on the linguistic awareness skills of children with ASD and how
they relate to their reading and spelling skills. Additionally, how these relations compare
to those found for children without ASD as well as how performance on linguistic
awareness measures compares between these two groups of children, will shed light on
potential similarities or differences in the mechanisms involved in literacy success for
children with ASD.
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Present Study
The primary purpose of this investigation was to determine the relations between
phonological awareness, prosodic awareness, orthographic awareness, morphological
awareness and word-level reading, reading comprehension, and spelling in elementary
school-age children with ASD. Given previous investigations documenting a relation for
some of the linguistic awareness skills of interest in the current study (i.e., phonological
awareness and prosodic awareness; Nash & Arciuli, 2016), it was hypothesized that the
linguistic awareness skills of the children with ASD in the current study would be related
to their reading and spelling performance. A secondary goal was to compare the
magnitude of those relations with those found in elementary school-age children without
ASD. It was difficult to hypothesize how the magnitude in the relations would or would
not differ given the limited previous literature.
The final goal of this study was to compare the performance on the measures of
linguistic awareness of children with ASD to children without ASD who were matched
on age, non-verbal IQ, and real-word reading. Given previous reports of children with
ASD performing lower than their same-age peers without ASD on measures of
phonological awareness (Smith-Gabig, 2010) it was hypothesized that the phonological
awareness skills of the children with ASD would be below that of their counterparts
without ASD. Also, given their documented difficulty understanding and producing the
prosodic rhythm of spoken language (e.g., Paul et al., 2005; Shriberg et al., 2001), it was
predicted that the children with ASD would have difficulty actively thinking about
prosody compared to their peers without ASD.
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Because no investigations have examined the orthographic awareness or
morphological awareness skills of elementary-school age children with ASD, it was
difficult to determine expected outcomes. However, given reported strengths in wordlevel reading, their orthographic awareness abilities, which are required for word-level
reading, was expected to be similar to their peers who were developing typically. In
contrast, because of the high probability that children with ASD would demonstrate a
spoken language impairment, which typically involves the morpho-syntactic aspects of
spoken language (Kjelgaard & Tager-Flusberg, 2001), they were expected to perform less
well than their peers without ASD on measures of morphological awareness, which
require them to actively think about morphology.
Method
Participants
Twenty-seven elementary school-age children between the ages of 6 and 11
whose parents reported a diagnosis of ASD (either educational, medical, or both), and
one whose parent suspected ASD, participated in this study. Children with ASD were
recruited from local school districts, ASD centers, autism support groups (in-person and
on-line), and via word-of-mouth. For these participants, ASD status was confirmed using
the Autism Diagnostic Observation Schedule, Second Edition (ADOS-2; Lord et al.,
2012), which was administered by a research-reliable examiner as outlined by Lord et al.
(2012). Prior to enrolling in the study, the children with ASD were screened via a phone
interview between the investigator and the parent to determine whether the child met the
following inclusion criteria: 1) used at minimum 2-3 word utterances during
conversational speech, 2) no co-morbid syndromic diagnoses (e.g., fragile X syndrome;
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Down syndrome) and 3) performance on a measure of non-verbal IQ > or = a standard
score of 80. Diagnoses such as developmental disorder, language impairment, Attention
Deficit Hyperactivity Disorder (ADHD) or anxiety were not considered exclusionary.
The participants’ use of two to three word utterances and IQ scores were confirmed
during testing. Five of the total number of children originally recruited did not meet
eligibility criteria based on non-verbal IQ (n = 3) and utterance length (n = 2), resulting in
a total of 22 participants with ASD. The children in the final eligible sample were in
grades one through six (grade 1, n = 1; grade 2, n = 11; grade 3, n = 2; grade 4, n = 3;
grade 5, n = 4; grade 6, n = 1).
Forty elementary school-age children without ASD were recruited for the study.
These children were recruited through local school districts, social media, community
centers, and via word-of-mouth. A lack of ASD symptoms was confirmed using the
Social Communication Questionnaire lifetime form (SCQ; Rutter, Bailey, & Lord, 2003)
completed by the parent. Children with SCQ scores below the recommended cut-off of 15,
and who had no reported disabilities participated in the study. Two of the children
withdrew from the study prior to completion and one was excluded due to parental report
of fetal alcohol syndrome, resulting in 37 participants without ASD. The children in the
final sample were in grades kindergarten through six (kindergarten, n = 3; grade 1, n = 5;
grade 2, n = 8; grade 3, n = 8; grade 4, n = 9; grade 5, n = 2; grade 6, n = 2). Parents of all
participants reported English as the first language spoken in the home with the exception
of one child without ASD whose parent reported that the child spoke two languages in the
home. Table 2.1 presents demographic information and average scores on the inclusion
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criteria measures for all participants and the subset of participants who were matched on
age, non-verbal IQ and real-word reading.
Inclusion criteria. The ADOS-2 (Lord et al., 2012) is a semi-structured playbased assessment designed to determine a diagnosis of ASD. Using this measure, the
examiner sets up opportunities in which a child with ASD is likely to exhibit behaviors
characteristic of children with ASD. For example, during the Construction Task, the child
is given blocks and directed to build a design that matches a picture, but some of the
blocks are missing. The purpose is to determine whether the child will ask for help
concerning the missing blocks. The assessments lasted approximately one hour to one
hour and 15 minutes. The Overall Total score was used to determine ASD diagnosis with
a score of 7 or 8 indicating a classification of autism spectrum and a score of 9 or greater,
a classification of autism. Children who obtained a Total Score of 7 or greater were
included in the study. The Comparison Score, a second metric, provided information
regarding the severity of ASD symptomatology. Comparison Scores for autism
symptomatology are interpreted as follows: 8-10 high, 5-7 moderate, 3-4 low, and 1-2
minimal-to-no evidence. All children who at least met criteria for autism spectrum
disorder based on the Overall Total score were included in the study, but Comparison
Scores are reported here as a means for describing the participants with ASD. According
to the test manual, internal reliability for Module 3 of the ADOS-2, as measured by an
alpha coefficient, ranges from .51-.92.
The SCQ (Rutter et al., 2003) is a parent questionnaire designed to screen for
ASD symptomatology. The form contains a series of yes/no questions and takes
approximately 10 minutes to complete. Consistent with the test’s manual, a standard cut-
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off score of 15 was used to determine symptoms of ASD. Children who scored below the
cut-off score were not considered to demonstrate behavioral characteristics indicative of
ASD. All children enrolled in the study without a reported diagnosis of ASD were
screened using this measure and only children whose scores were below the cut-off for
ASD were included. According to this test’s manual, the internal reliability, reported as
an alpha coefficient, ranges from .84-.93 for the ages involved in this study.
Non-verbal intelligence was measured using the Test of Non-Verbal IntelligenceFourth Edition (TONI-4; Brown, Sherbenou, & Johnsen, 2010). Using this measure, the
child was shown a series of uncompleted patterns and instructed via non-verbal probes
(e.g., palm raised in an open fashion to indicate “which one goes here?”) to complete the
increasingly complex patterns. In some cases, when a participant did not appear to
understand the non-verbal instructions, verbal instructions were provided in accordance
with the authors’ manual. According to the test’s manual, the internal reliability, reported
as an alpha coefficient, is .96 for this measure.
A total of 18 participants met ADOS-2 criteria for having autism (i.e., Total Score
> or = 9). Four participants met criteria for having an autism spectrum disorder (Total
Score = 7 or 8). Using the Comparison Scores from the ADOS-2, which allow for
comparison across participants in regard to the severity of autism-related symptoms, 1
participant scored in the low symptoms range, 13 in the moderate range, and 8 in the high
range. The range of scores on the SCQ for the participants without ASD ranged from 011, with most scores well below the cut-off of 15 (n = 36 with scores = or < 8). The
range of standard scores on the measure of non-verbal IQ for the participants with ASD
was 81-125 and for the participants without ASD was 94-130. It should be noted that the
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average non-verbal IQ of the participants with ASD in this sample indicates that the
participants would likely be classified as having high-functioning ASD (i.e., full-scale IQ
scores > 70).
All participants were administered two spoken language measures to allow for
descriptive information regarding their general language skills. They also completed four
literacy measures and eight linguistic awareness measures. These measures, their
descriptions, and reliability information are provided below.
Language and Literacy Measures
Spoken language measures. The Formulated Sentences subtest of the Clinical
Evaluation of Language Fundamentals-Fifth Edition (CELF-5; Wiig, Semel, & Secord,
2013) and the Peabody Picture Vocabulary Test-Fourth Edition (PPVT-4; Dunn & Dunn,
2007) were administered to all children to measure their structural (i.e., morphosyntactic) language skills and receptive vocabulary knowledge. For the Formulated
Sentences subtest, the child was shown a picture and provided a word or words to prompt
a particular syntactic structure. Responses were awarded points based on their syntactic
and semantic correctness. According to the test manual, internal reliability for the
Formulated Sentences subtest was reported as r = .86. For the PPVT-4, the individual was
shown four pictures and asked to point to the picture that is named. Alpha’s coefficient
for this measure was reported to be .97.
Reading. Word-level reading was measured using two subtests from the
Woodcock Reading Mastery Tests-Third Edition (WRMT-3; Woodcock, 2011). The Word
Identification subtest measures an individual’s ability to read single real words in
isolation until a ceiling is reached. Split-half reliability for this subtest was reported by
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the authors to be .91. The Word Attack subtest measured the children’s ability to decode
single pseudo-words until a ceiling was reached. Split-half reliability for this subtest was
.89. Reading comprehension was measured using the Passage Comprehension subtest of
the WRMT-3 (Woodcock, 2011). This subtest required the participants to read sentences
to themselves and then state the correct word that would fit in the blank space of each
sentence or passage. Split-half reliability for this subtest was reported to be .88.
Spelling. The Test of Written Spelling-Fifth Edition (TWS-5; Larsen, Hammill, &
Moats, 2013) was administered to assess each child’s spelling skills. This task required
the children spell words to dictation. The examiner said a word in isolation, used it in a
sentence, and then said the word again in isolation. The child was instructed to spell the
word the best s/he could. Alpha’s coefficient for this measure was reported to be .93.
Linguistic Awareness Measures
Phonological awareness. To assess phonological awareness, two subtests from
the Comprehensive Test of Phonological Processing-Second Edition (CTOPP-2; Wagner,
Torgesen, Rashotte, & Pearson, 2013) were administered. The Elision subtest assessed
the children’s ability to delete a whole word from a compound word, onsets from rime
units, codas from words, and phonemes within rime units. The items increased in
difficulty and final items required the students to delete individual phonemes from
consonant blends. The alpha coefficient for this subtest was reported to be .91. The
Blending Words subtest required the participants to listen to a word presented in sound
segments and then blend the individual sounds to create a word. The task began with
simple word structures (e.g., CV) and increased in difficulty throughout the task. The
alpha coefficient for this subtest was reported to be .86.
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Prosodic awareness. To assess the participants’ prosodic awareness, two tasks
were used. The Mispronunciation Task (adapted from Goodman, Libenson, & WadeWoolley, 2009) is an assessment of awareness of word-level stress. This task required the
individual to identify objects in a picture when the object was named using reversed
stress (i.e., stress goes from first to second syllable; e.g., “PAper to paPER”; Nash &
Arciuli, 2016). The children listened to 20 recorded words (+ 2 practice items) with
inverted stress and were instructed to locate each stated item on a picture scene. To
ensure knowledge of the vocabulary words, prior to completing the task, each child was
asked to identify each object in the picture when named using correct stress patterns.
Only items identified correctly during this phase were considered for scoring during the
Mispronunciation portion of this task. Cronbach’s alpha for this measure was calculated
at .86.
The Compound Noun Task (adapted from Goodman et al., 2009) measures
phrase-level prosodic awareness. For this task, the children listened to recordings of
phrases differing in pausing and stress assignment and were instructed to determine
whether the phrase indicated two or three items (e.g., “snowman and clouds” or “snow,
man, and clouds”). The task contained 20 recorded phrases (+ 2 practice items) and the
children were presented with two sets of pictures depicting the two or three items (e.g.,
picture of a snowman and clouds, and below that, a picture of snow, a man, and clouds).
The children were asked to point to the set of pictures that best represented what the
person on the recording said. Cronbach’s alpha for this measure was .84
Orthographic awareness. To assess lexical orthographic awareness, the
Orthographic Choice task adapted from Olson, Forsberg, Wise, and Rack (1994) was
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administered. This task contained 42 items plus a practice item and measured the
children’s mental representations of written words. The task required the participants
look at two words (e.g., rain-rane) and judge which one was the correctly spelled “real”
word. To assess sublexical orthographic awareness (i.e., awareness of orthographic
patterns), the Word-Likeness Task adapted from Cassar and Treiman (1997) was
administered. This task contained 42 items and measured awareness of spelling patterns
by requiring the participants to choose which of two pseudo-words “looks most like a real
word.” One word of the pair contained allowable orthographic patterns and the other a
violation to an orthographic rule. Cronbach’s alpha for the Orthographic Choice task was
.87 and .91 for the Word-Likeness task.
Morphological awareness. A 28-item Spoken Relatives task (adapted from Apel,
Diehm, & Apel, 2013) was administered to assess the children’s morphological
awareness. For this task, the children were provided with either a spoken base word or
inflected or derived word and then asked to complete a sentence using the inflected or
derived form or base form of the word (e.g., “Farm. My uncle is a _________.”; “Farmer.
The cows live on the _______.”; Carlisle, 2000). A 48-item Affix Identification task
(Apel et al., 2013; Apel, Petscher, & Henbest, 2019) also was administered to assess the
children’s ability to identify written affixes (e.g., prefixes and suffixes). For this task, the
children were presented with written pseudo-words containing real affixes (e.g., undiffly)
and instructed to circle the affixes or “add-ons.” The children had 3 minutes to complete
this task and each correctly identified affix was awarded one point. Cronbach’s alpha for
the Spoken Relatives task was .89 and for the Affix Identification task was .96
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Procedure
Prior to participation, the parent(s) of each child participant were provided
informed consent and a child demographic information form and were asked to complete
both forms along with an additional questionnaire not included in the current study.
Parents of the children without ASD also completed the SCQ. Each child with ASD
completed the assessments individually across three sessions which were less than two
weeks apart. The children without ASD participated in two sessions which were less
than two weeks apart. Typically, the children with ASD participated in the ADOS-2
assessment during the first session which was followed by a short break (10-15 minutes)
and then an additional session. The two sessions completed by all of the participants
included the measures of language, literacy, linguistic awareness, and non-verbal
intelligence. One of these sessions included administration of all standardized measures:
non-verbal intelligence (TONI-4), expressive language (CELF-5, Formulated Sentences),
and vocabulary (PPVT-4), phonological awareness (CTOPP-2, Elision and Blending
Words), Spelling (TWS-5), and reading (WRMT-3, Word Identification, Word Attack,
Passage Comprehension). The other session included the experimenter-developed
measures of linguistic awareness: prosodic awareness, orthographic awareness, and
morphological awareness. In a few cases, when testing within one session was lengthy
and the child fatigued, the measures from that session were rolled-over to the following
session. The order in which each participant completed either the standardized measures
or the experimenter-developed measures was alternated among participants.
Additionally, the order of administration of each task within a session was
counterbalanced among the participants. Each session lasted approximately 1 to 1.5 hours
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for each participant. Following the final session, the parent of each child participant
received an honorarium in exchange for his/her child’s participation and the child
received a small gift (e.g., book, pencil, puzzle).
Performance on all tasks was scored either by the author or a graduate or
undergraduate student in speech-language-pathology who was trained by the author.
Inter-scorer agreement was calculated for 20% of the participants and resulted in an
average reliability rating of .98.
Matching procedure
To address the third research aim, which was to compare the linguistic awareness
skills of children with ASD to those of children without ASD, the children with ASD
were matched on age, non-verbal IQ, and real-word reading to the children without ASD.
When matching for real-word reading, raw scores were compared and for each pair these
scores were allowed to vary by no more than 6 points (range 0-6). There was no
significant difference between the two groups for the participants’ raw (p = .48) and
standard scores (p = .24) and the effect size for the raw scores was small (d = .29). The
mean raw and standard scores for real-word reading for the children with ASD was 25.5
and 101.94, respectively and for the children without ASD was 27.17 and 107.67,
respectively. When matching for non-verbal IQ, standard scores were allowed to vary
between 0-18 points for each pair. Two pairs had standard scores that were more than one
standard deviation difference (for one of these pairs the child with ASD had a higher IQ
and for the other pair the child without ASD had the higher IQ). There was no significant
difference between non-verbal IQ standard scores for the two groups (p = .563) and the
effect size was negligible (d = .09). Average non-verbal IQ was 105 for the children with
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ASD and 105.78 for the children without ASD. Finally, for matching pairs of students
for age, the difference between the pairs’ ages were allowed to vary between zero to
seven months. There was no significant difference between age for the two groups (p =
.67) and the effect size was small (d = .10). The mean age for the children with ASD was
9.08 years and for the children without ASD was 8.93 years. Following the matching
procedure, there were 18 total pairs of children with and without ASD.
Results
The primary purpose of this paper was to determine the relation among the
linguistic awareness skills of elementary school-age children with ASD and their reading
and spelling skills and then to determine whether the magnitude of these relations was
different than those found for elementary school-age children without ASD. The final
aim of this study was to compare the linguistic awareness skills of elementary school-age
children with ASD to those of children without ASD when they were matched on age,
non-verbal IQ, and real-word reading. Prior to completing relational analyses,
descriptive statistics for performance on the measures of non-verbal IQ, spoken language,
linguistic awareness, and reading and spelling were conducted. As can be seen from
Table 2.2, the children with ASD performed, on average, below typical limits on the
Formulated Sentences subtest, a measure of expressive language and on the Blending
Words subtest, a measure of phonological awareness. The children with ASD performed
on average within typical limits on all other standardized measures. The average
standard scores for the children with ASD were below 100 for the spoken language and
literacy measures whereas the children without ASD demonstrated average performance
above 100 on these measures. No direct comparisons of performance were made between
the groups at this point in the analyses because the participants were not yet matched.
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Relation among Linguistic Awareness and Literacy Skills in Children with ASD
To determine the relations between phonological awareness, prosodic awareness,
orthographic awareness, morphological awareness and word-level reading, reading
comprehension, and spelling in elementary school-age children with ASD and those
without ASD, partial non-parametric correlational analyses were conducted for each
group. Non-parametric statistics were used due to small sample sizes and because several
of the variables of interest did not meet assumptions of normality (e.g., Shapiro-Wilk test,
p < .05). The groups were not matched for age for the correlational analyses, but age was
controlled for in these analyses.
Word-level reading. As can be seen in Table 2.3, at least one measure for each
linguistic awareness skill was strongly and positively related to word-level reading
performance (as measured by a composite score of real-word reading and pseudo-word
reading) for the children with ASD (ps < .05). Specifically, the Elision task,
Mispronunciation task, both orthographic awareness tasks, and Spoken Relatives task
were positively related to word-level reading with rhos ranging from .64-.79 (ps < .01).
Performance on the Blending Words task was moderately (rho = .46) and positively
related to word-level reading for the children with ASD (p < .05). One measure of
prosodic awareness, the Compound Noun task, and one measure of morphological
awareness, the Affix Identification task, were not significantly related to the children’s
word-level reading.
Spelling. Similar to word-level reading, at least one measure for each linguistic
awareness skill was either moderately or strongly and positively correlated with the
spelling skills of the children with ASD with rhos ranging from .54-.76. As shown in
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Table 2.3, Elision and both levels of orthographic awareness were strongly related to
spelling (rhos ranged from .71-.76; ps < .001) whereas performance on the
Mispronunciation task and Spoken Relatives task were moderately correlated to spelling
(rhos = .54 and .55, respectively; ps< .05). As with word-level reading, no significant
relation was found between the children’s performance on the Compound Noun task and
Affix Identification task and spelling abilities. In contrast to word-level reading, no
significant correlation was detected between Blending Words and spelling for the
children with ASD.
Reading comprehension. Neither of the two phonological awareness tasks were
related to the reading comprehension skills of the children with ASD. All other tasks,
with the exception of the Compound Noun task, were moderately or strongly and
positively correlated with the reading comprehension skills of the children with ASD
with rhos ranging from .45-.76. Lexical orthographic awareness showed a moderate
positive correlation (rho = .56) and sublexical orthographic awareness had a strong
positive correlation (rho = .71) with reading comprehension (ps < .01). Performance on
the Mispronunciation task was positively and strongly related to reading comprehension
performance for the children with ASD (rho = .71; p < .001). Performance on both
morphological awareness measures were moderately to strongly related to reading
comprehension for the children with ASD with rho = .45 for Affix Identification and .76
for Spoken Relatives (ps < .05).
Comparison of the Correlations for Children with and without ASD
A secondary aim of this study was to compare the magnitude of the correlations
between linguistic awareness and literacy for the children with and without ASD.
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Correlations between the linguistic awareness skills and literacy skills for the children
without ASD are displayed in Table 2.4. These relations are described next.
Word-level reading. For word-level reading, not all linguistic awareness skills
were related to the word-level reading skills of the children without ASD. The Elision
task was strongly related to word-level reading (rho = .64; p < .001). Performance on the
lexical orthographic awareness task was strongly related (rho = .62) and sublexical
orthographic awareness was moderately related (rho = .55) to word-level reading for the
children without ASD (ps <.01). There was no significant relation found between wordlevel reading and the Blending Words task, Mispronunciation task, Compound Noun
task, Affix Identification task, or the Spoken Relatives task for the children without ASD.
Spelling. As with word-level reading, both measures of prosodic awareness and
both measures of morphological awareness were not significantly related to spelling for
the children without ASD. As shown in Table 2.4, Elision was strongly related to spelling
(rho = .70) whereas Blending Words was moderately related to spelling (rho = .43; ps
<.01). Likewise, one level of orthographic awareness, lexical, was strongly related to
spelling (rho = .77), but sublexical orthographic awareness was moderately related to
spelling (rho = .58) for the children without ASD (ps <.001).
Reading comprehension. With the exception of the Compound Noun task, all
other measures of linguistic awareness were significantly and positively related to the
reading comprehension skills of the children without ASD (rhos ranged from .38 to .58).
Elision was moderately related (rho = .50) and Blending Words weakly related (rho =
.38) to the reading comprehension performance of the children without ASD (ps < .01).
The Mispronunciation task was moderately related (rho = .51) to reading comprehension
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(p < .01). Both lexical and sublexical orthographic awareness were moderately related to
reading comprehension (rhos = .46 and .58, respectively; ps <.01). The Affix
Identification task and Spoken Relatives task were weakly related to reading
comprehension (rhos = .39; ps <.05).
To determine whether the magnitude of the correlations was different across the
two groups of children, Fisher’s r-to-z transformations were conducted. Table 2.5
presents the results of these analyses. With a p-value set at .05 and a critical value of +/1.96, only the magnitude of the relation between the Spoken Relatives task and the
reading comprehension measure was significantly different between the groups prior to
corrections for multiple comparisons. Specifically, the relation between performance on
the Spoken Relatives task was statistically stronger (r = .76) for the children with ASD
compared to the children without ASD (r = .39; p < .04). After Benjamini Hochberg
procedures were applied to control for false positives (Benjamini & Hochberg, 1995), the
magnitude of the correlation between the Spoken Relatives task and the reading
comprehension measure was no longer significantly different between the two groups.
For the children with ASD, 11 of the 24 correlations were considered to be strong (rho >
.60), five moderate (rho = .40-.59), three weak (rho = .20-.39), and five negligible (rho =
.0-.19). In contrast, for the children without ASD, four of the correlations were strong,
seven were moderate, eleven were weak, and two were negligible.
Comparison of Linguistic Awareness Skills of Children with and without ASD
The final goal of this study was to compare the linguistic awareness skills of the
children with ASD to children without ASD matched on age, non-verbal IQ, and realword reading. From the total sample of children who participated, there were 18 pairs that
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matched on all three criteria. Table 2.6 presents the participants’ performance on the
linguistic awareness measures. Benjamini-Hochberg corrections were made to correct
for multiple comparisons. However, given the small sample sizes, the interpretation of
the results will focus on the effect size estimates. As can be seen in Table 2.6, the
children without ASD had higher scores than the children with ASD on all linguistic
awareness measures. The effect size was large for the difference in scores between the
groups on the Blending Words, Mispronunciation task and the Affix Identification task.
A moderate-to-large effect size was noted for Spoken Relatives and a moderate effect
size for the difference in performance on the Elision measure. All other measures yielded
small-to-moderate effect sizes. Taken together, these results suggest that children with
ASD who demonstrate average real-word reading performance and average or above
average non-verbal IQs, perform lower than their peers without ASD who read similarly,
are the same-age, and have roughly similar non-verbal IQs on measures of phonological
awareness, prosodic awareness, orthographic awareness, and morphological awareness.
Discussion
Given the importance of linguistic awareness skills for success with reading and
spelling for children who are typically-developing (e.g., Apel et al., 2012; Clin et al.,
2009; Deacon & Kirby, 2004; Holliman et al., 2017), the current study aimed to better
understand the phonological, prosodic, orthographic, and morphological awareness skills
of children with ASD. To do so, the relation between the multiple linguistic awareness
skills and the reading and spelling skills of the children with ASD were examined and the
magnitude of these relations compared to those of children without ASD. Additionally,
the linguistic awareness skills of children with ASD were compared to those of children
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without ASD who were matched on age, non-verbal IQ, and real-word reading. The
current findings are interpreted in-light of the stated hypotheses as well as compared to
the findings from previous literature on children with ASD and those who are typicallydeveloping.
Linguistic Awareness Skills and Literacy Outcomes for Children with ASD
Previously, the only two linguistic awareness skills that have been measured in
elementary school-age children with ASD have been phonological awareness and
prosodic awareness. Further, researchers have only investigated the relation between
these linguistic awareness skills and word-level reading and spelling; the relation
between phonological awareness and prosody and reading comprehension had not been
examined. This study added to our current knowledge-base by also investigating
orthographic and morphological awareness as well as adding reading comprehension as
an outcome measure.
Word-level reading. In regard to phonological awareness, the current study
found that performance on the Elision task was strongly and positively related to wordlevel reading for the children with ASD. Blending Words was moderately related to
word-level reading. These findings are in line with the stated hypothesis, but in contrast
to those reported by Smith-Gabig (2010) and Cronin (2014) who found no relation
between measures of phonological awareness and word-level reading in elementary
school-age children with ASD. The current findings are, however, in line with a more
recent investigation by Nash and Arciuli (2016) who found strong and positive relations
between phonological awareness and word-level reading. It is interesting that the present
findings differ from those of Smith-Gabig and Cronin given that similar measures of
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phonological awareness were used across the studies. It is possible that the differences
among the findings are due to the smaller sample sizes in the investigations by SmithGabig (2010) and Cronin (2014) or the characteristics of the participants across the
studies. First, both Smith-Gabig and Cronin included children in their samples with nonverbal IQs at or above 70 whereas the current study included only children with ASD
with non-verbal IQs at or above 80. Additionally, the children in the investigation by
Smith-Gabig represented a younger age range (ages 5-7) and those in Cronin spanned a
larger age range (ages 6-14) than the current study.
The Mispronunciation task, a measure of prosodic awareness, which required the
students to identify pictured items when named with inverted stress patterns, was
moderately-to-strongly related to the word-level reading of the children with ASD. This
was expected and is consistent with Nash and Arciuli (2016) who found strong relations
between the Mispronunciation task and word-level reading for their sample of elementary
school-age children with ASD. There, however, was no significant relation between the
Compound Noun task and word-level reading for the children with ASD, which also is
line with the findings from Nash and Arciuli. Nash and Arciuli argued that the lack of
association may be because the Compound Noun task, which measures phrase level
pausing, may be more associated with reading comprehension. Taken together, it appears
that there is preliminary evidence to suggest that the ability to disambiguate altered stress
patterns is important for word-level literacy skills for children with ASD. For future
investigations, researchers may wish to examine the independent contribution of this skill
beyond other factors associated word-level reading for children with ASD.
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Both levels of orthographic awareness, lexical and sublexical, were moderatelyto- strongly and significantly related to the word-level reading of the children with ASD.
This finding was as hypothesized given that children with ASD tend to be good wordlevel readers and that a conscious understanding of a language’s orthography is required
to be able to read words (Apel et al., 2019). Additionally, the particularly strong relation
found for word-level reading and sublexical orthographic awareness (r = .79) is important
to highlight given the un-empirically founded belief of some practitioners and researchers
that children with ASD learn to read by memorizing whole words. This notion likely
comes from the fact that children with ASD demonstrate strengths in “visual learning”
(e.g., Roser, Aslin, McKenzie, Zahra, & Fisher 2015). The relation found between wordlevel reading and sublexical orthographic awareness, which requires an individual to
consider the orthographic rules and conventions that govern how words are spelled,
suggests that children with ASD may also have some awareness of how words are put
together. This finding is in contrast to the idea that they rely solely on visualizing written
words. Because no study other than the present one has examined the orthographic
awareness of these children, further investigations are needed to either support or refute
these findings.
Performance on the Affix Identification task, a measure of morphological
awareness, was not significantly related to word-level reading for the children with ASD.
Spoken Relatives, on the other hand, was moderately-to-strongly related to the children’s
word-level reading. The fact that only one of the morphological awareness tasks was
related to the word-level reading of the children with ASD may have to do with the
nature of the tasks themselves. The Affix Identification task is a receptive measure that
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required the children to circle affixes, whereas the Spoken Relatives task required that
they generate a new word with or without a prefix or suffix, based on the syntactic
context of the sentence. The latter task may have been more sensitive to subtle
differences in the children’s morphological awareness skills and thus more associated
with their word-level reading performance.
Spelling. The Elision task was strongly and positively related to spelling.
Blending Words was not related to spelling. This finding makes intuitive sense given that
in English, when children attempt to spell an unknown word, they have to segment the
word into its individual phonemes to determine which letter(s) to use to represent each
phoneme. It of course is possible that the small sample size and limited power prevented
the detection of a relation between Blending Words and spelling. However, the small
correlation coefficient, rho = .24, coupled with a p-value of .30, suggests that might not
be the case. These results are consistent with those of Bailey & Arciuli (2018) who
found elision, but not blending, to be strongly related to the spelling skills of children
with ASD. Taken together with the current results, preliminary evidence suggests that
the ability to eliminate/segment sounds in words is an important skill for the spelling
success of children with ASD.
As with word-level reading, the Mispronunciation task, but not the Compound
Noun task, was moderately-to-strongly related to spelling for the children with ASD.
There is no previous research involving prosodic awareness and spelling for children with
ASD for which to compare these results. Nonetheless, the current findings are in line
with those of Nash and Arciuli (2016) who found a similarly-sized relation between the
Mispronunciation task and word-level reading for children with ASD and no relation
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between word-level reading and the Compound Noun task. The current findings, taken
together with those of Nash and Arciuli, suggest that the ability to make judgements
about stress patterns at the word-level may be important for both word reading and
spelling for children with ASD. Additional studies are needed to support these
preliminary findings.
Both levels of orthographic awareness were strongly associated with the spelling
skills of the children with ASD. Conclusions drawn from these findings are similar to
those for word-level reading. It seems that to spell correctly, children with ASD rely on
both their knowledge of real words and how to differentiate those from pseudo-words
containing legal spelling patterns (as in the Orthographic Choice task) as well as their
ability to differentiate between pseudo-words that do and do not contain legal spelling
patterns (as in the Word-Likeness task). As with word-level reading, further
investigations are needed to either confirm or oppose these findings as well as to
determine the unique contributions these skills may make to the spelling abilities of these
children. Nevertheless, it seems that strong orthographic awareness abilities of children
with ASD relate well to written language at the word level.
As was found with word-level reading, performance on the Affix Identification
task was not significantly related to the spelling skills of the children with ASD.
Performance on the Spoken Relatives task, however, was moderately and positively
associated with their spelling performance. As mentioned previously, the Affix
Identification task measures receptive skills whereas the Spoken Relatives task required
the generation of a derived or base word. It may be that the ability to produce a new word
to complete the sentence is the more sensitive measure of morphological awareness.
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Reading comprehension. Performance on both phonological awareness tasks
was not related to the reading comprehension performance of the children with ASD. The
correlation coefficient between Elision and reading comprehension was moderate (rho =
.39) and the p-value was .08. Thus, it is possible that the lack of association between
Elision and reading comprehension was due to limited statistical power. This
explanation, however, is not viable for Blending Words with a rho = .06 and p-value of
.80. This finding is interesting given that phonological awareness is required to read
words and that the ability to read words is required for reading comprehension (Gough &
Tunmer, 1986; Hoover & Gough, 1990). A better explanation may be that phonological
awareness skills are the skills most directly needed for successful word-level reading, but
not reading comprehension (Vellutino & Scanlon, 1987). In addition, previous
investigations of children with ASD suggest that these children’s spoken language skills,
as measured by their vocabulary, syntactic, and social knowledge, are strong contributors
to their reading comprehension (Brown et al., 2013; Lucas & Norbury, 2014, 2015;
McIntyre et al., 2017; McIntyre et al., 2018). Although the relation among these spoken
language skills and reading comprehension was not investigated here, it may be that the
strong contribution of these skills to reading comprehension for this population of
children left no room for a relation to be found between phonological awareness and
reading comprehension. This interpretation, however, is speculative and future research
with larger sample sizes should consider whether phonological awareness contributes to
reading comprehension beyond other spoken language skills.
The Mispronunciation task was moderately-to-strongly related to reading
comprehension for the children with ASD. As with the other literacy measures, there was
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no significant relation between the Compound Noun task and reading comprehension and
the correlation coefficient was negligible (rho = .08). Recall that Nash and Arciuli (2016)
found no relation between performance on the Compound Noun task and word-level
reading and although they did not measure their participants’ reading comprehension,
they suggested that performance on the Compound Noun task, given its emphasis on
phrase-level pausing, may be more likely to be related to reading comprehension. The
results of the current study contradict their speculation. Based on the present results, it
appears that the ability to judge phrase-level pausing is not involved in the reading
comprehension skills of children with ASD. Interestingly, however, there was a strong
relation found between the Mispronunciation task and reading comprehension for the
children with ASD in the current study, suggesting that word-level prosodic awareness
also may play a role in these children’s reading comprehension performance.
There was a moderate relation found between lexical orthographic awareness and
reading comprehension and a strong and positive relation found between sublexical
orthographic awareness and reading comprehension. This finding is not surprising given
that individuals must have orthographic awareness to be able to read words (Apel,
Henbest, & Masterson, 2019) and individuals must be able to read words to comprehend
what they read. Thus, it makes sense that students with ASD with strong orthographic
awareness also would be better at reading comprehension.
A moderate and positive correlation was detected between performance on the
Affix Identification task and reading comprehension. In fact, reading comprehension was
the only literacy skill that was found to be related to this measure of morphological
awareness. This makes sense as knowing that a prefix or suffix is attached to a word
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would impact understanding of the word. This in turn would lead to a better
understanding of the sentences within the text and the text as a whole. The children’s
performance on the Spoken Relatives task was strongly related to their reading
comprehension, which also make sense given the nature of the task. The Spoken
Relatives task required the children to compose and decompose morphologically complex
words. Researchers have suggested that this ability is important for reading
comprehension because, if during reading a child comes across a word s/he does not
know, s/he can use his/her knowledge of the meanings of affixes and base words to make
hypotheses about the word’s meaning (Anglin, 1993). For example, if a child has never
read the word ‘preacher’ but knows the word ‘preach’ and that the suffix ‘–er’ often
means “someone who…,” then s/he can deduce that the word ‘preacher’ means someone
who preaches. This ability to assemble the meaning of a previously unknown word aids
in comprehension of the text (Kruk and Bergman, 2013; Pacheco and Goodwin, 2013).
Theoretical Application
Triple Word Form Theory purports that to learn to read and spell, an individual
must call on his awareness of a word’s linguistic components. The current findings of
moderate-to-strong relations between each of the linguistic awareness skills and reading
and spelling provide initial support for the application of Triple Word Form Theory
(Berninger, 2003; Berninger et al., 2010) for children with ASD. Also, the differing sizes
of the relations between each of the linguistic awareness and literacy skills as well as the
lack of relation detected between some skills (e.g., phonological awareness and reading
comprehension) are consistent with Repertoire Theory which states that the demands of
the task determine which linguistic awareness skills is accessed.
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Comparison of the Correlations for Children with and without ASD
Only one comparison of the size of the correlations between the group of children
with ASD and those without ASD neared significance, the magnitude of the relation
between performance on the Spoken Relatives task and reading comprehension. The
relation was stronger for the children with ASD compared to the children without ASD.
The small-to-moderate correlation found for the children without ASD is in contrast to
previous investigations that have found strong relations between this measure of
morphological awareness and reading comprehension (e.g., Carlisle, 2000; Clin, et al.,
2009). These findings may suggest that the ability to compose and decompose words
may play more of a role in the reading comprehension skills of children with ASD
compared to those without ASD. However, given that the relation found between
performance on the Spoken Relatives task and Reading Comprehension for the children
without ASD was smaller than those found in previous investigations, these results may
simply be specific to the current sample of children.
Although also not statistically significant, there were other comparisons between
correlations that are worth discussing given the relatively small sample sizes used in this
study. First, the relation between the Mispronunciation task and word-level reading was
moderate-to- strong and significant for the children with ASD, but small and nonsignificant for the children without ASD. Based on this finding, it seems that prosodic
awareness skills may be particularly important for word-level reading for children with
ASD compared to those without. The size of the correlation between the
Mispronunciation task and word-level reading for the children with ASD in the current
study was smaller than the relation found between real-word reading and the
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Mispronunciation task and the Mispronunciation task and pseudo-word reading found by
Nash and Arciuli (2016; rs = .74 and .89, respectively). This may be due to differences
in the samples between the previous and the current study. Nash and Arciuli did not
exclude children with intellectual disabilities whereas the current study employed only
children with non-verbal IQs equal to or greater than 80. The small and non-significant
correlation detected for the children without ASD is in contrast with a previous study
using the same task which found moderate correlations with word-level reading (e.g.,
Goodman, et al., 2009). Importantly, the study by Goodman et al. involved only
kindergarten students whereas the present study included children across the elementary
school-age range.
The difference in the magnitude of the relation between sublexical orthographic
awareness and word-level reading also neared significance with a strong relation detected
for the children with ASD and a moderate relation found for the children without ASD.
There was a strong relation detected between sublexical orthographic awareness and
word-level reading for the children with ASD and a moderate correlation detected for the
children without ASD. The latter finding is consistent with previous investigations of the
sublexical orthographic awareness of elementary school-age children without ASD (e.g.,
Apel, et al., 2012; Deacon, Benere, & Castles, 2012). It may be that sublexical
orthographic awareness plays a stronger role in word-level reading for children with ASD
compared to their peers without ASD.
Finally, the relation between Spoken Relatives and word-level reading was strong
and significant for the children with ASD, but small and non-significant for the children
without ASD. It is possible that morphological awareness, as measured by the Spoken
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Relatives task, plays more of a role in word-level reading for children with ASD
compared to children without ASD. The finding of no significant relation between wordlevel reading and performance on the Spoken Relatives measure for the children without
ASD is in contrast to previous investigations which have found moderate-to-strong
correlations between performance on a Spoken Relatives task and word-level reading for
elementary school-age children without ASD (e.g., Apel & Lawrence, 2011; Apel et al.,
2013; Clin et al., 2009).
Linguistic Awareness Skills of Children with ASD Compared to Children without
ASD
The final research aim was to determine whether children with ASD perform
similar to their same-age peers without ASD who have similar non-verbal IQs and wordlevel reading skills on measures of linguistic awareness. The results from the present
study suggest that when matched on these variables, children with ASD perform below
their typically-developing counterparts on many measures of linguistic awareness.
Although not all comparisons were statistically significant, likely due to limited power to
detect a difference, the effect sizes between the two groups’ performances were small to
large in favor of the performance of the children without ASD.
Performance of the children with ASD compared to children without ASD on the
Elision task yielded a moderate effect size; Blending Words yielded a large effect size.
This suggests that children with ASD have less developed phonological awareness skills
than children without ASD even when their word-level reading skills are similar. This
finding is interesting given that it has been well-established that children who are
developing typically with strong phonological awareness skills also tend to be better
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word-level readers (e.g., Bus & van IJzendoorn, 1999; Vellutino & Scanlon, 1987;
National Reading Panel, 2000). Also, the phonological awareness skills of the children
with ASD were found to be related to the word-level reading skills in the current study
and both groups of children scored within the average range on the word-level reading
measures. Perhaps children with ASD rely more heavily on other linguistic awareness
skills when reading. This finding is consistent with the work of Smith-Gabig (2010) who
found that children with ASD performed significantly below that of their peers who were
typically-developing on an elision and blending task. However, the children with ASD in
Smith-Gabig’s study were matched to the typically-developing children only on age. The
fact that in the present study the participants were matched on age, non-verbal IQ, and
word-level reading provides additional support that the phonological awareness skills of
children with ASD are indeed weaker than their peers who are developing typically.
A large effect was noted for the difference in performance on the
Mispronunciation task, but only a small and non-significant effect was found for the
Compound Noun task. The children without ASD scored higher than those with ASD on
both tasks. A lack of difference between performances on the Compound Noun task
suggests that this task was similarly challenging for both groups of children. It is
possible that lower performance on the Mispronunciation task by the children with ASD
may reflect the nature of the task itself. Compared to the other prosodic awareness task,
the instructions for the Mispronunciation task were lengthy, contained fictional character
manipulatives (e.g., superman), which some of the children with ASD were observed to
fixate on, making it difficult for them to focus on the task. Interestingly, however, the
children in the current study performed better on the Mispronunciation task than those in
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the study by Nash and Arciuli (2016). The children in the study by Nash and Arciuli on
average answered 32% of the items correctly whereas in the current study they answered
54% correctly. The difference found in the current study between the two groups may be
a reflection of the specific characteristics of the children across the samples.
Moderate effect sizes were found for the differences between the groups’
performance on the orthographic awareness tasks with the children without ASD
outperforming those with ASD. Similar to the finding for phonological awareness, these
findings are interesting given that orthographic awareness is needed for successful wordlevel reading and the children with ASD had average real word reading scores and were
matched to the children without ASD on real-word reading. It may be that the skills
measured in this study (i.e., linguistic awareness abilities) did not fully capture the
underlying skills that can explain performance differences between children with and
without ASD.
Finally, there were moderate-to-large effects between the groups’ performances
on both morphological awareness measures, favoring the children without ASD. This
finding indicates that morphological awareness may be a particular area of difficulty for
children with ASD. This finding was as hypothesized, especially for the Spoken
Relatives task, and may be due to a combination of the impaired spoken language skills
of the participants with ASD, the way spoken language was measured, and the nature of
the Spoken Relatives task. Recall the children with ASD performed, on average, below
typical limits on the formulated sentences subtest of the CELF-5, which is a measure of
expressive syntax. First, because the Spoken Relatives task required the individual to
manipulate a word based on how it fits grammatically into a sentence, it could be argued
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that the Spoken Relatives task is more of a measure of morpho-syntactic awareness than
solely morphological awareness. Given their difficulty on the Formulated Sentences
subtest of the CELF-5, it seems to make sense that the children with ASD performed
lower than their peers without ASD on the Spoken Relatives measure. Further,
successful performance on the Formulated Sentences subtest of the CELF-5 requires a
more explicit level of morpho-syntactic knowledge than required for morphosyntactic
language production. This too, might explain why the children with ASD performed less
well on both tasks compared to their peers who were typically-developing.
Limitations
As with all studies, the current investigation is not without limitations. The
sample sizes were relatively small, particularly with the matched samples. Although this
is common for research with children with ASD, given the heterogeneity of this
population and the strict criteria for matching, the size of the sample precluded the
opportunity for conducting more sophisticated statistical analyses. Additionally, the
limited sample size did not allow for controlling of particular variables (e.g., spoken
language skills) that may have influenced the relation among the children’s linguistic
awareness skills and literacy outcomes. It should be noted, however, that the sample sizes
in this study were similar to and sometimes larger than several previous investigations of
children with ASD (e.g., Bailey & Arciuli, 2018; Bailey, Arciuli, & Stancliffe, 2017;
Newman et al., 2007; Saldaña, Carreiras, & Frith, 2009; Smith-Gabig, 2010).
The homogeneity of the sample of children with ASD included in this study also
may be a limitation. Strict inclusion criteria were implemented to allow for control over
potentially influential variables (age, non-verbal IQ, real-word reading); these criteria
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may have distorted the comparisons between the children with and without ASD. That is,
because the current study included a more homogenous sample of children with ASD,
differences that might be found with children with ASD who vary more widely than those
in this study, were not possible. The decision to include a more homogenous group was
made to increase the internal validity of the current study. Future studies may wish to
investigate the linguistic awareness and literacy skills of a more heterogeneous sample to
better understand the overall skills of these children.
Importantly, despite the limitations due to the size and the characteristics of this
study’s sample, the current study adds to the growing knowledge-base on the literacy and
literacy-related skills of children with ASD. Specifically, it was the first to investigate
the morphological awareness and orthographic awareness of these children.
Additionally, this was the first investigation to examine the relation between any
linguistic awareness skill and reading comprehension with this population. Finally, no
other investigation has compared multiple linguistic awareness skills of children with
ASD to those without ASD. Thus, this study serves as a first step in quantifying these
skills in children with ASD and a launch point for further investigations.
Clinical Implications and Conclusion
Although the current investigation was correlational in nature, there are ways
practitioners can use the information presented here to inform their clinical practice when
addressing the literacy skills of elementary school-age children with ASD. The current
results, and those from previous investigations, demonstrate that there are relations
between phonological awareness and word-level literacy (e.g., Nash & Arcuili, 2016) for
children with ASD. Additionally, investigations that have shown improvements in the
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word-level literacy skills of children with ASD as the result of phonological awareness
intervention (e.g., see Bailey & Arciuli, 2019 for a review) highlight the need for
phonological awareness assessment and intervention for addressing the word-level
literacy skills of these children. Importantly, given that children with ASD often lack
prosodic elements in their speech (e.g., Paul et al., 2005; Shriberg et al., 2001) and
present with difficulty with prosodic awareness, practitioners may wish to consider
assessment and intervention in this area to improve not only the prosody in these
children’s spoken language, but also their prosodic awareness, and subsequently, their
literacy skills. Finally, morphological awareness appears to be a relative weakness for
children with ASD compared to those without ASD. Given this finding and the strong
relation between performance on the Spoken Relatives task and reading comprehension,
addressing the morphological awareness skills of children with ASD may be an
appropriate target for intervention.
In conclusion, based on the results of the current study, the linguistic awareness
skills of children with ASD are related to their literacy outcomes. Further, children with
ASD perform lower than their peers without ASD on measures of linguistic awareness.
During assessment and intervention, practitioners should consider the various linguistic
awareness skills that may be involved in the literacy success of children with ASD. To
continue to better understand the relation between linguistic awareness and literacy for
children with ASD, future investigations should employ larger sample sizes and control
for a variety of factors (e.g., spoken language), which may affect outcomes. Future
investigations also should examine the effect of intervention targeting multiple linguistic
awareness skills on the literacy outcomes of children with ASD.
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Table 2.1 Participant Characteristics and Demographic Information (Standard
Deviations in Parentheses) for All Participants and Subset of Matched Participants
All participants

Matched Participants

Male/Female

ASD
(n = 22)
19/3

Without ASD
(n = 37)
20/17

ASD
(n = 18)
15/3

Without ASD
(n = 18)
12/6

Average Age in

9.11 (1.47)

8.46 (1.41)

9.08 (1.49)

8.93 (1.48)

Caucasian

15

33

12

16

AA

6

2

5

0

Multi-racial

1

2

1

2

Average ADOS-2 TS

12.77 (5.31)

--

11.61 (4.04

--

Average ADOS-2 CS

7.09 (1.69)

--

6.72 (1.48)

--

Average SCQ Score

--

3.49 (2.88)

--

3.83 (3.22)

Average NV-IQ SS

103.18 (9.68)

107.32 (8.80)

105 (8.49)

105.78 (6.68)

Years
Ethnicity

Note. ADOS-2 = Autism Diagnostic Observation Schedule-2nd Edition; SCQ = Social
Communication Questionnaire; Nonverbal-IQ measured by the Test of Nonverbal
Intelligence-4th Edition (TONI-4); AA = African American; TS = Total Score; CS =
Comparison Score; NV-IQ SS = nonverbal IQ standard score.
-- denotes instances where that particular measure was not administered.

112

Table 2.2 Mean Raw and Standard Scores (When Applicable) for Measures of Spoken
Language, Literacy, and Linguistic Awareness (Total Possible Points on Experimental
Measures are in Parentheses)

Measure
Spoken Language
Expressive Languagec
Receptive Vocabulary
Literacy
Real-Word Reading
Decoding
Spelling
Reading Comprehension
Linguistic Awareness
Phonological Awareness
Elision
Blending Words
Prosodic Awareness
Mispronunciation (20)
Compound Noun (20)
Orthographic Awareness
Orthographic Choice (42)
Word-Likeness (42)

Children with ASD
Standard
Raw Score
Score

Children without ASD
Standard
Raw Score
Score

18.52
(11.79)
131.86
(31.39)

5.86
(3.51)
97.41
(17.64)

30.28
(7.84)
155.00
(5.15)

10.53
(2.13)
116.54
(14.19)

22.45
(8.94)
12.09
(7.06)
16.95
(10.88)
12.55
(6.72)

94.82
(19.78)
93.00
(19.88)
88.27
(25.47)
87.32
(18.05)

24.65
(8.65)
14.78
(7.48)
20.54
(11.42)
16.97
(7.56)

106.95
(13.01)
104.97
(15.55)
103.76
(3.47)
106.68
(17.49)

19.32
(8.97)
17.50
(5.57)

8.00
(3.38)
6.32
(2.93)

23.54
(7.67)
20.03
(5.83)

10.59
(3.11)
8.95
(3.0)

49%
(.25)b
15.23
(3.73)

--

69%
(.23)b
15.70
(4.47)

--

31.09
(7.50)
30.55
(7.26)

--

32.89
(5.80)
33.62
(8.07)

--

--

--

Morphological
Awareness
Spoken Relatives (28)

--

--

9.50
-13.78
-(6.43)
(4.67)
Affix Identification (48)a
7.68
-18.35
-(8.07)
(17.33)
Note. Expressive Language measured by the Clinical Evaluation of Language
Fundamentals-5th edition (CELF-4); The standard score for the Formulated sentences is a
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scaled score with an average of 10 and standard deviation of 3; Receptive Vocabulary
Measured by the Peabody Picture Vocabulary Test-4th Edition (PPVT-4); Real-Word
Reading, Decoding, and Reading Comprehension measured by the Word Identification,
Word Attack, and Passage Comprehension subtests, respectively, from the Woodcock
Johnson Reading Mastery Test-3rd Edition (WRMT-3); Spelling was measured by the
Test of Written Spelling-5th Edition (TWS-5). Phonological Awareness was measured by
the Elision and Blending Words subtests of the Comprehensive Test of Phonological
Processing-2nd Edition (CTOPP-2).
a
The Affix Identification task was timed so the total number of items varied across
participants.
b
Percent correct was used for the Mispronunciation Task.
c
For the expressive language measure, 1 of the participants with ASD could not complete
this measure (n = 21) and the score was not available due to administrator error for one
participant without ASD (n = 36).
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Table 2.3 Partial Spearman Correlations (Controlling for Age) for Measures of Word-level Reading, Spelling, Reading
Comprehension, and Linguistic Awareness Skills for Children with ASD
Measure

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

1.Word-Level Reading

1

.85***

.63**

.75***

.46*

.64**

.03

.64**

.79***

.28

.66**

1

.43

.71***

.24

.54*

.12

.76***

.74***

.11

.55*

1

.39

.06

.71***

.08

.56**

.71***

.45*

.76***

1

.42

.51*

.15

.34

.57**

.13

.56**

1

.32

.17

.02

.22

-.09

.07

1

.13

.51*

.60**

.21

.66**

1

-.03

-.05

-.26

-.19

1

.75***

.02

.58**

1

.16

.71***

1

.56**

2.Spelling
3.Reading Comprehension
4.Elision
5.Blending Words
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6.Mispronunciation
7.Compound Noun
8.Orthographic Choice
9.Word-Likeness
10.Affix Identification
11.Spoken Relatives
** p < .01; *p < .05, *** p < .001

1

Table 2.4 Partial Spearman Correlations (Controlling for Age) for Measures of Word-level Reading, Spelling, Reading
Comprehension, and Linguistic Awareness Skills for Children without ASD
Measure

1.

1.Word-Level Reading

1

2.Spelling
3.Reading Comprehension
4.Elision
5.Blending Words
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6.Mispronunciation
7.Compound Noun
8.Orthographic Choice
9.Word-Likeness
10.Affix Identification
11.Spoken Relatives
** p < .01; *p < .05, *** p < .001

2.

3.

.83*** .70***
1

.56***
1

4.

5.

6.

7.

8.

9.

10.

11.

.64***

.29

.31

.12

.62***

.55**

.18

.28

.70*** .43**

.26

.23

.77***

.58***

.26

.29

.50**

.38*

.51**

.32

.46**

.58***

.39*

.39*

1

.46**

.28

.30

.59***

.70***

.19

.06

1

.54**

.14

.33

.42*

.51**

.25

1

.12

.22

.38*

.33

.55***

1

.32

.16

.19

.23

1

.53**

.24

.14

1

.39*

.17

1

.34*
1

Table 2.5. Comparison of the Correlations for Children with and without ASD
Measures

Correlation Coefficients
Children with
ASD

Children without
ASD

r-to-z
transformation

Word-level Reading
Elision
Blending Words
Mispronunciation
Compound Noun
Orthographic Choice
Word-Likeness
Affix Identification
Spoken Relatives

.75
.46
.64
.03NS
.64
.79
.28 NS
.66

.64
.29 NS
.31 NS
.12NS
.62
.55
.18 NS
.28 NS

.75
.69
1.53
-.32
.12
1.58
.37
1.76

.71
.24 NS
.54
.12 NS
.76
.74
.11 NS
.55

.70
.43
.26 NS
.23 NS
.77
.58
.26 NS
.29 NS

.07
-.75
1.18
-.4
-.08
1.01
-.54
1.12

.39 NS
.06 NS
.71
.08 NS
.56
.71
.45
.76

.50
.38
.51
.32 NS
.46
.58
.39
.39

-.48
-1.19
1.13
-.88
.47
.78
.25
2.04

Spelling
Elision
Blending Words
Mispronunciation
Compound Noun
Orthographic Choice
Word-Likeness
Affix Identification
Spoken Relatives
Reading Comprehension
Elision
Blending Words
Mispronunciation
Compound Noun
Orthographic Choice
Word-Likeness
Affix Identification
Spoken Relatives
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Table 2.6 Performance on the Linguistic Awareness Measures for Children with and
without ASD Including Mean Raw Scores, Standard Deviations (in Parentheses), Pvalues, and Effect Sizes for Difference between Groups

Children with
ASD
20.56 (7.84)

Children
without ASD
24.28 (5.89)

BenjaminiHochberg
corrected pvalues
=.28

Blending Words

17.94 (5.56)

22.61 (3.43)

=.02

d = 1.01

Mispronunciation
% correct

54% (.25)

78% (.17)

=.02

d = 1.12

Compound Noun
Task

14.94 (4.02)

16.11 (4.78)

=.35

d = .26

Orthographic
Choice

32.33 (7.04)

34.67 (3.93)

=.48

d = .41

Word-Likeness

31.67 (6.77)

34.67 (8.41)

=.08

d = .39

9.11(8.25)

19.50 (15.41)

=.08

d = .84

10.94 (6.11)

14.78 (4.02)

=.05

d = .74

Measures
Elision

Affix Identification
Spoken Relatives
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Effect
Size
d = .54

CHAPTER 3

READING AND SPELLING INTERVENTION FOR ELEMENTARY SCHOOL-AGE
CHILDREN WITH AUTISM SPECTRUM DISORDER: A PRACTITIONER’S
GUIDE3

3

Henbest, V.S. & Apel, K. To be submitted to Language, Speech, and Hearing Services
in Schools.
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ABSTRACT
The purpose of this article is to provide speech-language pathologists with
guidance for addressing the reading and spelling skills of elementary school-age children
with autism spectrum disorder. First, a summary of general best practices in literacy
instruction is provided. Then, a synopsis of the available evidence on the underlying
skills involved in literacy for children with autism spectrum disorder is presented. This is
followed by an update on the available evidence on interventions aimed at improving
these children’s literacy skills. Treatment recommendations are provided to assist
clinicians in making evidence-based treatment decisions regarding reading and spelling
intervention for elementary-school age children with autism spectrum disorder. Cautions
and misconceptions about literacy instruction for children with autism spectrum disorder
also are presented. Based on the available evidence, reading and spelling intervention for
children with autism spectrum disorder should be consistent with the science of reading
instruction for children without ASD. Clinicians should treat the literacy skills of
children with autism spectrum disorder in a manner that is consistent with current best
practices while simultaneously including supports that are known to be effective for these
children.
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Given that literacy abilities are at the forefront of success throughout life
(Anderson, Hawes, & Snow, 2016; National Endowment for the Arts; NEA, 2007; Snow,
2019), learning to read and spell are two of the major challenges that children face when
they enter school. As such, a substantial amount of research has been devoted to better
understand the development of these skills and which instructional practices are best for
children who are developing typically and those who struggle with literacy. The overall
conclusion from these research efforts is that reading and spelling are language-based
skills (Castles, Rastle, & Nation, 2018; National Reading Panel; NRP, 2000). That is,
children who have less developed and/or impaired spoken language skills tend to have
poorer literacy skills compared to their peers with more developed language skills. The
majority of research on children with impairments, however, has largely focused on
children with spoken language disorders (e.g., Bishop & Adams, 1990; Botting, Simkin,
& Conti-Ramsden, 2006) and/or children who struggle to read in the absence of other
known etiologies (e.g., dyslexia; Adlof, Scoggins, Brazendale, Babb, & Petscher, 2017;
Catts, Adlof, Hogan, & Weismer, 2005). Thus, our understanding of the development of,
and instruction in, literacy for children with other communication disorders, such as those
with Autism Spectrum Disorder (ASD), is limited.
The lack of research attention devoted to literacy for children with ASD is
problematic for a number of reasons. First, Baio et al. (2018) has reported that currently
1 in 59 children are diagnosed with ASD. In addition, children with ASD make up a
growing number of children who are educated in the public schools; approximately
576,000 children with ASD are currently receiving special education services in the
public schools (National Center for Education Statistics; NCES, 2018). Although 40% of
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children with ASD spend the majority of their school day in a general education
classroom, approximately 30% spend most of their day in a special education classroom.
Thus, a large percentage of children with ASD require a range of educational supports,
including in the area of literacy (e.g., Brown, Oram-Cardy, & Johnson, 2013). Although a
handful of literature reviews and guides have been published to assist educators in
supporting the literacy skills of children with ASD (e.g., Nguyen, Leytham, Whitby, &
Gelfer, 2015; Randi, Newman, & Grigorenko, 2010; Whalon, Al Otaiba, & Delano,
2009), there is a paucity of recent information available, specifically for speech-language
pathologists (SLPs) who aim to support the literacy skills for these students. In fact, the
most recently published guide for SLPs that addressed how to support the literacy skills
of children with ASD is over 11 years old (Lanter & Watson, 2008).
According to the American Speech-Language-Hearing Association (ASHA) SLP
Schools Survey (2018), over 90% of SLPs in the school setting have children with ASD
on their caseloads. In addition, respondents reported serving an average of nine students
with ASD per school year, a number that is larger than any other communication disorder
surveyed. Thus, given that the area of literacy is within the SLP’s scope of practice
(ASHA, 2016), SLPs likely play a direct role in meeting the literacy needs of these
children. Although there is limited research evidence available on literacy interventions
for children with ASD, SLPs have a responsibility to provide intervention in this area.
Thus, the purpose of the paper is to guide clinicians in making evidence-based treatment
decisions, despite the limited evidence, regarding reading and spelling intervention for
elementary-school age children with ASD.
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First, a brief overview of the general current state of best practices in literacy
instruction and intervention for elementary school-age children is provided. This review
is followed by a summary of what is known regarding the literacy abilities, and the
component skills involved in literacy success, for elementary school-age children with
ASD. Next, the available intervention evidence for word-level reading, spelling, and
reading comprehension for school-age children with ASD is summarized and discussed
in light of current best practices. To help clinicians in applying this information to their
clinical practice, specific intervention recommendations are provided. The guide
concludes by identifying areas for future work that includes addressing the limited
research on the underlying linguistic awareness skills that may be involved in reading and
spelling for children with ASD and how clinical SLPs can be involved in advancing our
understanding of literacy intervention for these children.
Current Best Practices in Literacy Instruction and Intervention
Reading and spelling are language skills. Research indicates that word-level
reading, spelling, and reading comprehension rely on a number of different linguistic
skills (e.g., Castles et al., 2018; NRP, 2000). First, competence in spoken language is a
strong predictor of literacy success. For example, children’s vocabulary skills are
associated with their literacy abilities (e.g., Kim, Al Otaiba, Puranik, Folsom, & Gruelich,
2014; Ouellette, 2006; Verhoeven, van Leeuwe, & Vermeer, 2011). That is, children
with larger vocabularies generally have more advanced literacy skills than their
counterparts with less developed vocabularies (e.g., Muter, Hulme, Snowling, &
Stevenson, 2004).
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Research also indicates that an individual’s linguistic awareness skills, the ability
to consciously think about and manipulate language, are important for literacy success.
For example, phonological awareness, the ability to manipulate speech sounds, is highly
predictive of children’s reading and spelling success (e.g., Ball & Blachman, 1991;
Lundberg, Olofsson, & Wall, 1980; NRP, 2000, Tangel & Blachman, 1992). Likewise,
prosodic awareness, the ability to make conscious judgements about prosody or the
rhythm of speech (Nash & Arciuli, 2016) has been found to be less developed in children
who are poor readers (Clin, Wade-Woolley, & Heggie, 2009; Groen et al., 2019).
Morphological awareness, the ability to manipulate units of meaning (e.g., prefixes and
suffixes), and orthographic awareness, the ability to think about how speech is
represented in print, are related to and predictive of children’s literacy success (e.g., Apel,
Wilson-Fowler, Brimo, & Perrin, 2012; Clin et al., 2009; Deacon & Kirby, 2004;
Holliman, Mundy, Wade-Woolley, Wood, & Bird, 2017). Importantly, research suggests
that individuals should be systematically and explicitly taught to read and spell and that
this instruction should include instruction in linguistic awareness (e.g., Castles et al.,
2018; Henbest & Apel, 2017; NRP, 2000).
For word-level reading, the NRP (2000) and numerous experts (e.g., Bus & van
IJzendoorn, 1999; Castles et al., 2018; Henbest & Apel, 2017) have highlighted the
effectiveness of instruction in phonological awareness, the alphabetic principle, and
phonics for improving children’s word-level reading and spelling skills. Phonological
awareness instruction involves directly and systematically teaching students to
manipulate sounds (e.g., “the word ‘boat’ has three sounds, /b/, /o/, /t/.”), which is a
necessary skill for reading and spelling. Instruction in the alphabetic principle includes
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teaching children to connect letter(s) to the sounds they represent. Children must have
knowledge of the alphabetic principle to begin to decode and spell words. Finally,
phonics refers to when an instructor explicitly teaches an individual how to make
connections between sounds and the letters that represent them for the purpose of
decoding a new word. Thus, phonics instruction provides children with the tools they
need to read unknown words.
In addition, more recent investigations have demonstrated the effectiveness of
including morphological awareness training in the instruction and intervention of wordlevel reading and spelling skills of children (e.g., Apel, Brimo, Diehm, & Apel, 2013;
Goodwin & Ahn, 2010, 2013; Zoski & Erickson, 2017). In general, morphological
awareness instruction and intervention involves explicit instruction in how words are
created or broken down into their morphological units. This instruction includes how
adding prefixes and suffixes may change the meaning of a base word (e.g., like > dislike),
how adding a suffix to word may change the spelling of a base word (e.g., busy > busily),
as well as how words with the same base word, but different affixes, are related (e.g., act,
actor, acting, action).
For reading comprehension, the NRP (2000) and other researchers (e.g., Apel et
al., 2013; Foorman, Herrera, Dombek, Schatschneider, & Petscher, 2017; Hebert, Bohaty,
Nelson, & Brown, 2016; Joseph, Alber-Morgan, Cullen, & Rouse, 2016; Shanahan et al.,
2010) indicate that systematic vocabulary instruction, including manipulating the
morphological units of words (i.e., morphological awareness), positively influences
reading comprehension. Instruction that focuses on the underlying cognitive processes
(e.g., comprehension monitoring; inferencing) involved when reading connected text as
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well as instruction that encourages the reader to make use of the organizational structure
of text (e.g., use of graphic organizers) also are important components of reading
comprehension instruction and intervention (e.g., Cain, Oakhill, & Bryant, 2004; NRP,
2000).
Literacy Skills of Elementary School-Age Children with ASD
The hallmark difficulty for children with ASD is social communication
(American Psychiatric Association, 2013). However, many children with ASD also
struggle with spoken language skills that make-up other domains of language including
syntax and vocabulary (e.g., Kjelgaard & Tager-Flusberg, 2001). Because the autism
spectrum encompasses a wide range of abilities, not all children with ASD develop
literacy skills, likely due to severe impairments in other areas such as behavioral and/or
adaptive skills, or severe spoken language impairments. However, a number of children
with ASD demonstrate some level of literacy abilities. Some of these children will
develop their literacy skills in a way that is comparable to their same-age peers whereas
others will demonstrate deficits (e.g., Brown et al., 2013; Finnegan & Accardo, 2018;
Nation, Clarke, Wright, & Williams, 2006). The subsequent sections of this paper
highlight the available research in word-level reading, spelling, and reading
comprehension for children with ASD and provide specific recommendations for
intervention when working on the literacy skills of these children.
Word-level Reading
Although some children with ASD learn to read in a way that is commensurate
with their same-age peers who are typically-developing, a high degree of variability in
performance has been noted and a considerable number of children with ASD
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demonstrate word-level reading abilities that are below typical limits (e.g., Brown et al.,
2013). Thus, students with ASD may require additional support for achieving literacy
milestones. Some studies to date have addressed the component skills involved in wordlevel reading for children with ASD and a small number of investigations have examined
the effects of different interventions for improving these children’s word-level reading
skills.
Component skills for word-level reading. For the most part, children with ASD
who have spoken language impairments perform below their peers with ASD who have
typical spoken language skills on measures of word-level reading (e.g., Lucas & Norbury,
2014, 2015). This finding indicates an association between spoken language skills,
particularly, vocabulary, and word-level reading. However, because the word-level
reading skills of children with ASD are sometimes spared and/or a strength compared to
their reading comprehension skills, investigators have been more interested in the
contribution of spoken language skills to reading comprehension for children with ASD
rather than word-level reading. Thus, research in the area of word-level reading is
limited.
To date, some investigators have been interested in the relation between
phonological awareness and word-level reading in children with ASD because of the
well-established relation between phonological awareness and word-level reading found
in children without ASD (e.g., NRP, 2000). Two studies reported no evidence of a
relation between phonological awareness and word-level reading (Cronin, 2014; SmithGabig, 2010) in children with ASD whereas two other studies reported positive and
moderate-to-strong relations between phonological awareness and word-level reading for
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children with ASD (Henbest, in prep; Nash & Arciuli, 2016). These latter findings
suggest that children with ASD who have better phonological awareness are likely to be
better word-level readers.
Prosodic awareness also has been a focus area for a handful of researchers
interested in the literacy skills of children with ASD (Henbest, in prep; Nash & Arciuli,
2016). Children with ASD often lack prosodic elements in their speech (i.e., lack of
stress/intonation when speaking; e.g., Terzi, Marinis, & Francis, 2016). It may be, then,
that the ability to consciously consider prosody (i.e., prosodic awareness) also is
impaired. Given the relations that have been found between prosodic awareness and
reading in children without ASD (e.g., Goodman, Libenson, & Wade-Woolley, 2009;
Whaley & Hansen, 2006), it has become of particular interest to examine the association
between prosodic awareness and word-level reading in children with ASD. To date, Nash
and Arciuli (2016) and Henbest (in prep) are the only researchers who have investigated
the relation between prosodic awareness and word-level reading in children with ASD.
The task used to assess prosodic awareness in these investigations required students to
identify pictures when named with a different stress pattern (e.g., baLLOON > BAlloon).
Results from their investigations suggest that sensitivity to alternate stress patterns is
strongly related to word-level reading for children with ASD. Similar relations also have
been found for children without ASD (e.g., Goodman et al., 2009), but see Henbest (in
prep) for an exception.
To date, only one investigator (Henbest, in prep) has examined the relation
between other types of linguistic awareness, such as a morphological awareness and
orthographic awareness, and word-level reading abilities of children with ASD. When
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assessing morphological awareness, Henbest used a task that required students to create a
morphologically-complex word from a base word (e.g., ‘Farm. My uncle is a ______
farmer.’) or create a base word from a morphologically-complex word (e.g., ‘Farmer. My
uncle lives on a ______ farm.’). Henbest reported that performance on this task was
strongly related to the word-level reading skills of children with ASD. When assessing
orthographic awareness, Henbest required students to identify which of two written
words was a real word (e.g., rain vs. rane; Olson, 1994) as well as to identify which of
two pseudo-words looked more like a real word (e.g., noop vs. niip; Treiman & Cassar,
1997). Performance on both tasks was found to be strongly related to the word-level
reading ability of the children with ASD and these findings are similar to the associations
found between orthographic awareness and word-level reading for children without ASD
(e.g., Apel et al., 2012; Henbest, in prep; Roman, Kirby, Parrila, Wade-Woolley, &
Deacon, 2019).
Word-level reading interventions. In 2009, Whalon and colleagues conducted a
review of reading instruction research for children with ASD that covered the years
between 1976 and 2008. More recently, Bailey and Arciuli (2019) conducted a
systematic review on studies published between 2005 and 2017. Bailey and Arciuli
specifically focused on studies that included word-level reading instruction that was
based on the recommendations of the meta-analysis conducted by the NRP (2000).
Findings from the two reviews are summarized next along with investigations not
included in the reviews. The findings are organized by intervention approach.
Computer-based instruction. Four studies reviewed by Whalon et al. (2009) used
interactive computer games to improve the literacy skills of children with ASD (Basil &
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Reyes, 2003; Coleman-Martin, Heller, Chihak, & Irvine, 2005; Heimann, Nelson, Tjus,
& Gillberg, 1995; Tjus, Heimann, & Nelson, 1998). During instructional sessions,
children were instructed to click on nouns or verbs displayed on a computer screen.
When the student clicked on the words, the words then were arranged into sentences
(e.g., clicking on ‘the dog’ and ‘follows’ and ‘the cat’ results in the sentence, ‘The dog
follows the cat.’). Once a sentence was created, a picture appeared on the screen and the
computer program read the sentence aloud. The sentences increased in complexity
throughout the lessons. Whalon et al. reported that, in general, the children (n = 27
across the four studies) made improvements in their phonological awareness and
decoding skills following the intervention. However, in the study by Basil & Reyes,
although the participants (n = 2) mastered the computer lessons, only one student made
gains in phonological awareness. Heimann et al. (n = 11) reported improvements in
word-level reading and phonological awareness scores following the intervention, but
performance on the phonological awareness task diminished at follow-up. In contrast,
Tjus et al. found improved scores for word-level reading and phonological awareness,
with a decline in reading skills at follow-up.
Two computer-based, word-level reading programs were reviewed by Bailey &
Arciuli (2019). Grindle, Carl Hughes, Saville, Huxley, & Hastings (2013) examined the
effect of the MimioSprout (Learning A-Z, 2013) interactive computer-based reading
program, combined with tangible reinforcement, for three elementary-school age children
with ASD. The children participated in the program on a computer and practiced naming
sounds and reading words as quickly as possible without making an error. The lessons
increased in complexity and participants were able to move on to subsequent lessons
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once 90% accuracy was achieved in previous lessons. Adaptations to the program and
behavior management techniques were implemented by a behavioral therapist as needed.
Following implementation of the program, all participants improved their real-word
reading performance (with the exception of one child who was already at ceiling for her
age at baseline). At the start of the intervention, the children read between 8 and 28 words
correctly; at the end of the study, the children read between 47 and 50 correctly.
Whitcomb, Bass, and Luiselli (2011) investigated the effect of the interactive
Headsprout (Learning A-Z, 2013) computer-based reading program on the word-level
reading skills of one elementary school-age child with ASD. As part of the program, the
student clicked on pictures and letters, and read words, sentences, and stories. Following
the intervention, the student improved his reading of decodable words from a variety of
word lists from the HeadSprout program, with a baseline range of 0-80% accuracy to 80100% accuracy following the intervention. Importantly, the authors reported that the
student participant improved his reading accuracy of words prior to those words being
explicitly taught. Whitcomb and colleagues attributed his success with untaught words to
the decoding practice incorporated into the Headsprout program, which allowed him to
attack newly decodable words. Bailey and Arciuli (2019) rated both computer-based
programs as having weak methodological quality.
Cooperative learning. In two studies reviewed by Whalon and colleagues (2009),
peer tutors were used as part of reading instruction for students with ASD. In Kamps,
Barbetta, Leonard, & Delquadri (1994), classroom-wide tutoring was employed in which
general education students took turns reading, providing feedback, and answering
questions with children with ASD (n = 3). Results indicated that the children with ASD
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improved their number of words read per minute from a range of 106-117 at baseline to
125-129 following the intervention. In Kamps, Locke, Delquadri, & Hall (1989), two
children with ASD read to their general education peers without ASD. Results from this
study indicated that the children with ASD improved their word-level reading accuracy
within connected text from a mean of 19.6 words at baseline to 34.3 during the tutoring
sessions.
Phonics and phonological awareness. A relatively recent study by Mohammed
& Mostafa (2012) was not included in either review. These researchers examined
whether a phonological awareness intervention would be effective for improving the
word-level reading skills of 24 elementary-school age children with ASD (mean age = 9)
compared to a control group of 23 children with ASD (matched on age, IQ, and word
recognition skills) who did not receive the intervention. The whole-class instruction
focused on rhyming, sound matching, sound addition and substitution, sound/syllable
blending, and segmenting words. The children with ASD who received the phonological
awareness intervention demonstrated significantly greater improvement in their word
reading abilities compared to the control group that did not receive the phonological
awareness intervention.
Joseph (2018) used word boxes to teach three elementary school-age children
with ASD how to segment sounds in an attempt to improve their word-level reading and
spelling. Boxes that represented the number of sounds in a word were presented to the
students. The students were first instructed to move a magnet into the box for each
spoken sound. Then, the children moved magnetic letters into the boxes. Finally, the
children wrote the letter(s) for each sound into the boxes. The children improved their
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reading of the target words from an average of 1.4 at baseline to 5.6 following the
intervention.
Combined approaches. Two group design studies were reviewed by Bailey &
Arciuli (2019) that included instruction which combined two or more strategies or
approaches for improving reading skills. For example, Bailey, Arciuli, & Stancliffe
(2016) examined the effect of the ABRACADBRA (hereafter referred to as ABRA)
computer-assisted instructional program on multiple literacy skills of children with ASD.
Participants with ASD between the ages of 5 and 11 were divided into an intervention
group (n = 10) or a wait-list control group (n = 8). The computer-based program was
delivered in the children’s homes in a one-on-one setting and focused on word-level
reading accuracy, reading fluency, and reading comprehension. Components for wordlevel instruction included: phonological awareness (e.g., sound matching, segmenting
words, and blending sounds) and decoding practice. Results indicated that the children
who received the ABRA instruction significantly improved their word-level reading
scores as measured by a standardized reading test (with large effects) compared to the
control group which demonstrated decreased word-level reading accuracy over the time
frame of the intervention.
Kamps et al. (2016) investigated the effects of the Reading Mastery program
(Engelmann & Bruner, 2003) on the word-level reading skills of kindergarten children
with ASD. The Reading Mastery program was implemented by teachers in a small group
setting using scripted lessons that focused on phonemic awareness, letter-sound
knowledge, decoding skills, and comprehension skills. Thirty-two children with ASD
received the intervention in a small group and a control group of 30 children with ASD
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participated in business as usual instruction. Results indicated that at post-test, the
children in the intervention group outperformed those in the control group on the Reading
Mastery program’s curriculum measures of real-word and pseudo-word reading, and a
standardized test of real-word reading, all with moderate effect sizes. There was no
significant effect between the groups on a standardized measure of pseudo-word reading.
Bailey and Arciuli rated the quality of the studies by Bailey et al. and Kamps et al. as
adequate and strong, respectively.
Two participants in a study by Beecher & Childre (2012) were elementary schoolage and had diagnoses of ASD. Reading instruction included practice activities to
promote memorization of sight words, various phonemic awareness activities, increasing
vocabulary through identification of various objects, and story recall and sequencing for
reading comprehension. Following intervention, both participants improved their realword reading from 1-3 words read correctly at baseline to 26-36 at post-test. Bailey &
Arciuli (2019) rated this study as having weak methodological quality.
Finally, a recently published study by Arciuli & Bailey (2019) examined the
effect of the ABRA program on the word-level reading and reading comprehension skills
of elementary school-age children when implemented in small groups in a school setting.
Recall that ABRA instruction is an interactive computer-based program that addresses
word-level reading (and reading comprehension); word-level skills are addressed via
activities that focus on phonological awareness and decoding practice. In the study, the
children with ASD who received ABRA instruction (n = 11) significantly outperformed
their peers with ASD who did not receive the intervention (n = 12) on a measure of realword reading; the effect size was large.
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Sight word practice/Behavioral approaches. Some studies were not included in
the review by Bailey and Arciuli either because they did not address one of the strategies
recommended by the NRP (2000) or did not meet other inclusion criteria. For example,
Crowley, McLaughlin, & Kahn (2013) used words printed on flashcards that were placed
around a pretend racetrack for teaching two elementary school-age children with ASD to
read words by sight. During the sessions, the children read the words repeatedly; when
the words were read incorrectly, the interventionist provided the correct word. Positive
gains were found for the children’s reading of the target words. Mulé, Volpe, Fefer,
Leslie, & Luiselli (2015) compared the effects of two behaviorally-based interventions, a
traditional drill style versus an incremental rehearsal strategy, for a seven-year-old child
with ASD. The traditional drill sessions were similar to those in Crowley et al. (2013), in
which the interventionist presented flashcards with printed words, all of which were
unknown to the child, modeled saying the word, and then asked the child to repeat the
word. When the child pronounced the word incorrectly, he was corrected. For the
incremental rehearsal condition, the author presented both unknown and known words to
the student. Verbal praise was provided when words were read correctly. Results
indicated the student improved his reading of the target words and that more words were
learned and retained for the traditional practice condition.
Intervention recommendations for word-level reading. Based on the available
literature, there a number of intervention/instructional strategies that may be beneficial
for improving the word-level reading skills of elementary school-age children with ASD.
Overall, it appears that computer-assisted training (e.g., Coleman-Martin et al., 2005),
peer-mediated interventions (e.g., Kamps et al., 1989), whole-word reading instruction
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(e.g., Mulé et al., 2015), and explicit instruction in phonological awareness and phonics
(e.g., Arciuli & Bailey, 2019; Mohammed & Mostafa, 2012), may result in gains in wordlevel reading skills for these children. However, practitioners are encouraged to take
caution when interpreting the results of these investigations, particularly when
considering those studies with small sample sizes and which do not line up with the wellestablished research (e.g., NRP, 2000) on reading instruction and intervention for
children without ASD.
First, the computer assisted programs reviewed by Whalon et al. (2009) had small
sample sizes. Additionally, they did not include explicit instruction in linguistic
awareness skills, but instead offered repeated and errorless practice. It is not surprising
that the students were able to master the lessons on the computer program, but that gains
in word-level reading and phonological awareness at follow-up were less promising. The
peer-mediated interventions reviewed by Whalon et al. also had small sample sizes (n = 3
total). However, research has noted the benefits of peer models for improving other
skills, such as social interactions, for children with ASD (e.g., Zhang & Wheeler, 2011)
and thus, this may be a promising component to consider both clinically and in research
regarding literacy intervention for these children.
Particular caution is suggested when interpreting the sight-word
reading/behavioral approaches, such as those used in Crowley et al. (2013) and Mulé et
al. (2015). The fact that the students improved their reading of the target words is not
surprising given the repeated practice with these words. However, it should be noted that
no measures were taken to determine whether learning these specific words lead to
improved reading of other words not targeted in the intervention. This is an important
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consideration given the large number of words a child would need to learn/memorize to
successfully read connected text. Most importantly, whole-word reading approaches
have been found in numerous other investigations to be less effective for improving
children’s word-level reading skills compared to explicit instruction in phonological
awareness and phonics (see NRP, 2000).
In regard to the studies reviewed by Bailey & Arciuli (2019), the results for
computer-based and multi-component instruction including phonics and phonemic
awareness were promising. However, given the limited total sample size and poor
methodology ratings of the non-group design studies, those results too, should be
interpreted with caution. Although more work is undoubtedly needed, based on the
evidence reviewed here, intervention in phonological awareness and phonics appears to
be a reasonable option for improving the word-level reading skills for children with ASD.
The direct evidence is stronger than that from the other investigations with larger sample
sizes and control groups (e.g., Arciuli & Bailey, 2019; Mohammed & Mostafa, 2012),
and it is line with findings from the larger base of literature on the science of reading
(e.g., NRP, 2000). Further, the recommendation for instruction in phonological awareness
is supported by the investigations by Nash & Arciuli (2016) and Henbest (in prep) who
found moderate-to-strong relations between phonological awareness and the word-level
reading performance of children with ASD. Using computer assisted technology and/or
peers in this process may present some added benefit, although further investigation is
needed. Finally, given the strong relations found between numerous linguistic awareness
skills and word-level reading for the children with ASD in the study by Henbest (in prep),
SLPs might consider providing instruction in these areas, particularly morphological
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awareness, which has growing scientific support for its value in improving elementary
school-age children’s literacy skills (Goodwin & Ahn, 2010, 2013). Examples for
improving word-level reading, which are in line with current best practices in literacy,
along with supports for children with ASD, are provided in Table 3.1 and Appendix A.
Spelling
The spelling skills of children with ASD have been largely understudied. To date,
only a handful of researchers have investigated the spelling performance of elementary
school-age children with ASD. Findings from these studies have been mixed with some
suggesting that the spelling skills of children with ASD are commensurate with their
typically-developing peers (e.g., Newman et al., 2007) and others reporting spelling
performance of children with ASD below that of their peers without ASD (e.g., Finnegan
& Accardo, 2018).
Component skills for spelling. To date, two studies have reported on the
component skills that may be involved in spelling for children with ASD. Bailey and
Arciuli (2018) found that performance on an elision task, which measures phonological
awareness, was strongly and positively related to spelling for school-age children with
ASD. Further, performance on this task accounted for over 20% of unique variance on
the spelling scores of the children with ASD when considered alongside other variables.
Likewise, Henbest (in prep) found that performance on an elision task was strongly
associated with the spelling performance of elementary school-age children with ASD.
Spelling interventions. A handful of investigations have examined the effects of
spelling instruction on the spelling performance of elementary school-age children with
ASD (e.g., Bailey, Arciuli, & Stancliffe, 2017; Ivicek-Cordes, McLaughlin, Derby, &
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Higgins, 2012; Eby, Greer, Tullo, Baker, & Pauly, 2010; Joseph, 2018; Kinney, Vedora,
& Stromer, 2003; Schlosser, Blischak, Belfiore, Bartley, & Barnett, 1998; Weber,
McLaughlin, Cozza, & Millersmith, 2013). The majority of these investigations have
focused on behavioral approaches. Two recent studies focused on approaches that
included instruction in phonological awareness and phonics.
Whole word/Behavioral approaches. Three studies have investigated the effect of
Copy, Cover, and Compare (CCC), a program that focuses on memorization of written
words, on the spelling performance of elementary school-age children with ASD (IvicekCordes et al., 2012; Schlosser et al., 1998; Weber et al., 2013) with a total sample size of
three children with ASD across the three studies. Ivicek-Cordes and colleagues taught
one nine-year-old child with ASD to spell 10 words by showing the student a written
word, having the child copy the word, then cover the word and write it from memory.
The child improved his spelling of the targeted words from one correctly spelled word at
baseline to an average of 8.7 correctly spelled words during the intervention. Schlosser et
al. taught a 10-year-old with ASD who used an augmentative and alternative (AAC)
device to spell words using the CCC approach. The child improved his spellings of the
target words from 0% at baseline to 100% accuracy after the intervention. Weber et al.
also taught a 10-year-old child with ASD to spell using the CCC approach. This child
improved his spelling across four lists of words from 2-6 correct spellings at baseline to
5-10 correct spellings following the intervention.
Eby et al. (2010) investigated the effect of modeling, error correction, and
behavioral reinforcements to improve the spelling skills of three elementary school-age
children with ASD. The participants learned to spell the words by spelling the target
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words aloud and/or writing the words. If the children spelled a word incorrectly, the
interventionist modeled the correct spelling and the student was instructed to either respell the word aloud or re-write the previously modeled spelling. Reinforcements such as
verbal praise or a snack were provided when the words were independently and correctly
spelled on the first attempt. Results indicated that all three children improved their
spellings of the target words from 0% at baseline to 55-100% after the intervention.
Kinney et al. (2003) taught one eight-year-old child with ASD to spell via video
modeling and matrix training. In the first phase of treatment, the child viewed video
models of an interventionist spelling words upon dictation; the video was zoomed in on
the word as it was being spelled. The student was instructed to write the modeled spelling
word from the video. When the word was copied correctly, the child was provided with
reinforcement by watching a playful video model representing the spelling word.
Following the video model training, the student improved her spellings of the target
words from zero at baseline to all 15 words spelled correctly during a dictation test.
Matrix training was introduced following the initial video model training. For the matrix
training, the spelling words the student learned from the previous phase were presented in
a matrix with word endings presented at the top of the matrix and beginning consonants
on the left column. The idea was that the student would generate new spellings by
combining word endings from previously learned words (e.g., -ock, -ore, and –op;
Kinney et al., 2003) with various consonants (e.g., l, s, t). Matrix training resulted in
improvements in the child’s generative spellings (a total of 55) and these results were
mostly maintained weeks after the intervention ceased.
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Phonics and phonological awareness. Bailey et al. (2017) examined the effect of
the ABRA computer-based program on the spelling skills of children with ASD between
the ages of 5-11, eleven of whom were assigned to receive the ABRA instruction and 9 of
whom were placed in a wait-list control group. The children’s spellings were measured
based on a continuous scoring and a dichotomous scoring method. The dichotomous
scoring was simply correct or incorrect. The continuous scoring method (Computerized
Spelling Sensitivity System, CSSS; Masterson & Apel, 2010; Masterson & Hrbec, 2011) is
considered more linguistically-sensitive than the dichotomous method because it assigns
scores based on the linguistic elements that are present in the spelling. Specifically, the
spelling words are parsed into elements by sounds (and morphemes if the word is
morphologically-complex). If an element (e.g., sound) is not represented by a letter(s),
then the element is awarded a score of 0, but it if it represented by a letter(s) that is
incorrect and that letter(s) could never be used to spell that sound, the element earns a
score of 1. If an element is represented by a letter(s) that is incorrect but it is a possible
spelling for that particular sound, it is awarded a score of 2. Finally, if an element is
spelled correctly it earns a score of 3. These scores are averaged to determine the CSSS
Element Score for each word. Following participation in the ABRA program, the children
with ASD improved their spelling performance as measured by the CSSS Element Score,
and this performance was statistically greater with a large effect over the Element Scores
of the children in the wait list control group. There was no significant group difference
for improvements in spelling when measured dichotomously.
In the study by Joseph (2018), as described above, word boxes were used to teach
three elementary school-age children with ASD how to segment sounds. Recall that
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letters were eventually incorporated into the lessons. Two of the children went from an
average of 1.3 and 1.4 words spelled correctly at baseline to 12.1 and 13.3 spelled
correctly following introduction of the word box intervention. One child did not improve
her spelling accuracy as a result of the intervention.
Intervention recommendations for spelling. Evidence from spelling
intervention studies for children with ASD is extremely limited. At first glance, it seems
that the CCC approach is effective for improving these children’s spelling skills.
However, recall that across the three studies that investigated this approach, there were
only three participants. The limited sample sizes as well as the fact that the studies did
not report on how the CCC approach transferred to non-targeted spelling words warrants
caution. This caution is similar to that mentioned for word-level reading; it would be
unreasonable to believe that the children with ASD could learn to memorize all words
that they would need to spell over the course of their life, making this approach
inherently limiting. In the study by Kinney et al. (2003), there was evidence for transfer
of learning to untargeted words via the matrix training. This is likely because the matrix
training brought to the child’s attention the orthographic similarities of rime word
families. This type of approach is more closely related to evidence-based, linguisticallyfocused approaches (e.g., phonological awareness and phonics) than is the CCC
approach.
Two studies (Bailey et al., 2017; Joseph, 2018) used linguistic-based approaches
that focused on phonemic awareness and phonics and were in line with scientificallybased instruction for children without ASD (NRP, 2000). Although the sample sizes in
these investigations also were relatively small, the results were promising. First, Bailey
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and colleagues found that computer-based instruction via the ABRA program, which
focused on phonemic awareness and decoding practice, resulted in improved spelling
performance as measured by a linguistically-sensitive, continuous-based scoring method,
the CSSS. This is important given that this scoring method is a) freely available
(https://www.missouristate.edu/csd/LLL/CSSS.htm) and has been shown to be useful for
monitoring progress for spelling instruction (Masterson & Apel, 2010). The study by
Joseph (2018) also focused on phonemic awareness and phonics and resulted in improved
spelling performance for two of the three participants in the study.
Collectively, the intervention evidence supports spelling instruction that is
consistent with the recommendations of the NRP (2000) which focuses on phonological
awareness and phonics for addressing the spelling skills of children with ASD. The
findings from the intervention studies reviewed here also are strengthened by the
investigations of Bailey & Arciuli (2018) and Henbest (in prep) who found strong
relations between phonological awareness and spelling. Finally, there may be an added
benefit for including video modeling of spelling attempts as found in Kinney et al. (2003)
and providing reinforcement for on-task behavior may increase the motivation for
children with ASD to participate in spelling tasks (Eby et al., 2010). Allowing children
the opportunity to compare their spellings with the correct spelling and providing
multiple opportunities for practice, as in the CCC approach (Ivicek-Cordes et al., 2102;
Weber et al., 2013), also may be a useful option. Guidelines, example activities, and
additional supports for children with ASD when addressing their spelling skills are
consistent with the recommendations for word-level reading and are provided in Table
3.1.
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Reading Comprehension
Reading comprehension has been identified as a critical weakness for school-age
children with ASD (e.g., Brown et al., 2013; Nation et al., 2006). Even when their wordlevel reading skills are intact, a large number of students with ASD fail to comprehend
connected text (e.g., Brown et al., 2013). As such, the majority of investigations on their
literacy success have focused on the skills involved in reading comprehension as well as
interventions aimed at improving it.
Component skills for reading comprehension. Several investigations have
demonstrated the importance of spoken language (generally measured as vocabulary
knowledge) for reading comprehension in individuals with ASD (e.g., Brown et al., 2013;
Cronin, 2014; Lucas & Norbury, 2014, 2015; McIntyre et al., 2017). According to a
meta-analysis by Brown and colleagues (2013), vocabulary and social knowledge were
strong predictors of the reading comprehension skills of students with ASD. As
expected, researchers have found that comprehending text that requires social knowledge
is particularly difficult for children with ASD compared to text that provides only factual
or literal information (Brown et al., 2013).
Lucas & Norbury (2014, 2015) found no difference between the reading
comprehension performance of children with ASD, who did not have a concomitant
spoken language impairment, and their peers who were typically-developing.
Investigators also have reported moderate to strong relations between grammatical
knowledge and reading comprehension for these children (Cronin, 2014; Lucas &
Norbury, 2014, 2015; McIntyre et al., 2017). Inferencing, a higher-level language skill,
also has been identified as an important component for reading comprehension in
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children with ASD; children with ASD find answering factual comprehension questions
less challenging than those that require them to think beyond the text (e.g., McIntyre et
al., 2017; Senokossoff, 2016).
To date, only Henbest (in prep) has investigated the relation between multiple
linguistic awareness skills and reading comprehension in children with ASD. This
investigation found that prosodic awareness, orthographic awareness, and morphological
awareness all were moderately-to-strongly related to the reading comprehension skills of
elementary school-age children with ASD. Given that investigations involving children
without ASD also have found that these linguistic awareness skills play a role in reading
comprehension, it appears that similar skills may be involved in the reading
comprehension performance of children with ASD.
Reading comprehension interventions. Researchers have focused most of their
efforts on investigating reading comprehension interventions that are similar to those
found to be effective for children without ASD. These interventions include those that
were identified as being effective via the meta-analysis by the NRP (2000) and other
reviews (e.g., Berkeley, Scruggs, & Mastropieri, 2010; Joseph et al., 2016). Such
interventions that are considered effective for children without ASD that have been
examined with children with ASD include: cooperative learning, the use of story maps or
graphic organizers, comprehension monitoring techniques, and a combination of these.
Several investigators have conducted reviews over the past several years in an effort to
synthesize the results of such investigations (e.g., Bailey & Arciuli, 2019; Finnegan &
Mazin, 2016; Randi et al., 2010; Senokossoff, 2016; Whalon et al., 2009; Zein, Solis,
Vaughn, & McCulley, 2014). Because there have been a number of recent reviews, the
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studies which they included have overlapped. The two most recent reviews are those by
Finnegan and Mazin (2016) and Bailey & Arciuli (2019). Finnegan and Mazin reviewed
studies that examined the effect of interventions on reading comprehension for children
with ASD between the ages of 5 and 18 and were published between 1985 and 2015, and,
as mentioned earlier, Bailey and Arciuli reviewed studies conducted between 2009 and
2017 that involved children between the years 5 and 12.
Cooperative learning. Finnegan & Mazin reviewed three studies by Kamp and
colleagues (1989, 1994, 1995) that included elementary school-age children with ASD
who participated in interventions involving cooperative learning strategies. In a general
sense, cooperative learning involves students working together to achieve a common
goal, but it can play out in a number of different activities/structures. Kamps and
colleagues (1989, 1994, 1995) used peer tutoring in which students in general education
classrooms peer-tutored a total of 8 children with ASD on a variety of academic skills.
For example, the student pairs read together, provided error correction during reading,
and then asked one another reading comprehension questions following the shared
reading experience. Results were positive across the three studies, with at least one
participant in each study making improvement in his/her reading comprehension.
Graphic organizers. Bethune & Wood (2013) and Stringfield, Luscre, & Gast
(2011), reviewed both by Finnegan & Mazin (2016) and Bailey & Arciuli (2019),
investigated the effects of graphic organizers on reading comprehension. Specifically,
Bethune & Wood investigated the effects of using a “wh-” question graphic organizer to
teach students how to answer comprehension questions. Key words from the passages
read were written on the graphic organizer (e.g., “who”-mom, “what”-running) before the
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children answered the comprehension questions. Participants were taught to use the
graphic organizer with least-to-most prompting to answer the comprehension questions.
All three participants improved their ability to answer the wh-questions about the
passages they read from an average of 42% at baseline to 82% following the intervention.
Stringfield et al. (2011) investigated the effect of the use of story maps on the
reading comprehension skills of three elementary school-age children with ASD. The
story maps were designed to assist with organizing the structure of a story by highlighting
the setting, beginning, middle, and end. Story grammar elements (e.g., initiating event,
attempt to solve, and consequence) were not included. The students were trained on how
to use the story maps and provided with least-to-most prompting and error correction if
they required assistance with completing the story maps. After reading a short story, the
children completed the story map, and then answered comprehension questions. The
three children went from accurately answering reading comprehension questions with 040% accuracy during the baseline phases to an average of 93.3% accuracy following
implementation of the story maps. Bailey and Arciuli (2019) rated both studies on the use
of graphic organizers as having weak quality.
Comprehension monitoring strategies. One single-subject design study
(Howorth, Lopata, Thomeer, & Rodgers, 2016), which focused on comprehension
monitoring strategies and included elementary school-age children with ASD, was
reviewed by Bailey & Arciuli (2019). Howorth et al. investigated the effects of the Think
Before Reading, Think During Reading, Think After Reading (TWA) strategy for four
elementary-school age children with ASD. The participants were taught to generate
questions before, during, and after reading to help ensure comprehension of the passage
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at all phases. The instructor used a “think aloud” strategy to model TWA (e.g., “I can ask
myself questions before I start reading so I know what the story is going to be about.”).
Results indicated that the participants improved their answering of comprehension
questions by an average of 20% from baseline to post-instruction. The authors reported
that these results were sustained at maintenance testing (Howorth et al., 2016). Bailey
and Arciuli (2019) rated the study by Howorth et al. as having weak quality.
Combined approaches. Finnegan and Mazin (2016) and Bailey and Arciuli
(2019) reviewed a study that utilized a peer tutoring model in which general education
peers tutored three elementary school-age children with ASD through a specific
curriculum called SCORE (Share ideas, Compliment others, Offer help and
encouragement, Recommend changes nicely; Whalon & Hanline, 2008). The researchers
trained both the general education students and peers with ASD to use reciprocal question
strategies and “think aloud” before, during, and after reading (e.g., “We just found out
about a character. ‘Who’ is a good question word when asking a character question.”
“Who is helping Arthur write his story?”; Whalon & Hanline, 2008, p. 377). The
students were given cue cards for the story elements and “wh-” questions. Although
accuracy of responses was not measured, they found that the children with ASD learned
to generate and respond in a reciprocal questioning manner.
In the study by Arciuli & Bailey (2019), the ABRA computer-based intervention
program also focused on word-level reading and reading comprehension skills. Reading
comprehension was addressed via story sequencing tasks, summarization tasks, and
question answering. The researchers reported that there was no significant improvement
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in the reading comprehension scores of the children who participated in the ABRA
program compared to peers who did not receive the program.
Intervention recommendations for reading comprehension. Based on the
studies reviewed here, there are a number of instructional strategies that may be effective
for improving the reading comprehension skills of elementary school-age children with
ASD. Overall, it appears that reading comprehension strategies which are in-line with
the recommendations of the NRP (2000) are promising for improving the reading
comprehension skills of children with ASD. For most strategies that were reviewed,
reasonable gains were observed in the children’s reading comprehension skills following
implementation. As with the word-level reading studies, the small number of participants
across the studies makes the findings difficult to generalize. Nonetheless, it appears that
the use of graphic organizers, peer-tutoring, and comprehension monitoring strategies are
reasonable approaches for improving the reading comprehension skills of children with
ASD. In contrast, a computer-based program that addressed both word-level reading
skills and reading comprehension did not result in improved reading comprehension
skills for the children with ASD (Arciuli & Bailey, 2019).
Because of the limited intervention evidence available, when providing reading
comprehension intervention for children with ASD, SLPs also are encouraged to consider
results from investigations on the component skills that may be involved in reading
comprehension for children with ASD, such as vocabulary and morphological awareness
(e.g., Brown et al., 2013; Henbest, in prep; Lucas & Norbury, 2014, 2014). Recall that
Brown et al. found vocabulary knowledge to be a strong predictor of the reading
comprehension skills of children with ASD. In the study by Henbest (in prep),
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performance on the morphological awareness task was strongly related the children’s
reading comprehension performance. Additionally, in that same study, Henbest found
that performance on the morphological awareness task was significantly lower for
children with ASD compared to their peers without ASD. Thus, it seems that the
morphological awareness skills of children with ASD are particularly problematic.
Because intervention in this area has been shown to improve the reading comprehension
skills of children without ASD (e.g., Goodwin & Ahn, 2010), this may be a specific skill
that should be addressed for those with ASD.
Finally, SLPs need to be aware of how the social skills and knowledge of children
with ASD may impact their reading comprehension performance. Studies have shown
that children with ASD have little difficulty comprehending text that contains only
factual information that can be extracted directly from the text; however, they have
difficulty when forced to infer information or use their social knowledge (e.g., the ability
to take the perspectives of characters in a story; McIntyre et al., 2018). This means that
narrative texts may be particularly difficult for children with ASD to comprehend. SLPs
can use this information to guide their intervention. First, when initially selecting text to
use for reading comprehension instruction, the SLP may want to choose texts that require
little social knowledge or inferencing so that the child with ASD experiences success
when implementing newly learned strategies. Then, once mastery of certain strategies is
achieved, the SLP may use books that require social knowledge, such as narratives, and
teach the child to use previously learned strategies that apply to the increasingly complex
text. See Table 3.1 for guidelines, example activities, and supports for addressing the
reading comprehension skills of school-age children with ASD.
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Conclusion
Based on the studies reviewed here, it is recommended that SLPs (and other
practitioners) address the reading and spelling skills of children with ASD in a manner
that is consistent with scientifically-based reading instruction for children without ASD.
Because SLPs are language experts, have received intensive training in data collection, as
well as in providing intervention adaptations for children with various disabilities, they
are well-suited to address and document the literacy skills of children with ASD. It also is
important to note that although the majority of the intervention evidence reviewed within
this paper focused on individuals with higher-functioning levels of ASD, current research
suggests that literacy intervention for individuals with intellectual disabilities also should
be in line with current best practices (see Dessemontet et al., 2019; Hill, 2016).
Importantly, because a growing number of children with ASD are being served in the
public schools (NCES, 2018) and research-to-date on literacy intervention for these
children is sparse, SLPs are encouraged to not only use the information in this guide, but
to be pioneers in increasing the knowledge-base on literacy instruction for these
individuals. SLPs can do this by a) advocating for scientific-based reading instruction for
all children including those with ASD, b) collaborating with general education and
special education teachers when addressing the literacy skills of children with ASD, and
c) systematically collecting data regarding the intervention approaches they use to
determine the effectiveness of the selected approaches. Finally, SLPs are encouraged to
collaborate with researchers to promote continued scientific inquiry and dissemination
regarding intervention approaches that best meet the literacy needs of children with ASD.
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Table 3.1 Guidelines, Example Activities, and Supports/Resources for Implementing
Reading and Spelling Intervention for Elementary School-Age Children with ASD
Guidelines
Provide explicit
phonological
awareness
instruction and
include letters

Example Intervention Activities

Additional
Supports/Resources

Segmenting Words and Blending
Sounds:

Using word boxes, the clinician
says a word and then encourages
the child to isolate the sounds in the
word (after initial modeling by the
clinician) e.g., /næp/ > /n/-/æ/-/p/)
and then moves an object into each
box to represent each sound. Then,
the clinician encourages the child to
blend the sounds together to make a
word (e.g., /n/-/æ/-/p/ > /næp/).
After mastery with sounds only,
have the child move or write letters
in the boxes. (Henbest, 2017;
Joseph, 2018; NRP, 2000)
Provide explicit
Decoding with Continuous
phonics/decoding
Voicing:
instruction
Teach students to decode words by
identifying the sounds in the word,
isolating them, and them blending
them together to read the word.
Encourage fluid blending of the
sounds by encouraging the child to
keep his/her voice on (i.e.,
continuous voicing) when blending
the sounds in the word. Discourage
the child from guessing the word
based on the first few letters or via
contextual support (i.e., pictures).
Provide explicit
Affix Books:
instruction in
morphological
Explicitly teach children about a)
awareness
the meanings of individual affixes,
b) how they may or may not change
the meaning and/or spelling of a
base word and provide ample
opportunities for the children to
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Use manipulatives that are
motivating for the child (e.g.,
blocks, trains, tokens) to
represent each sound during
phonological awareness
instruction

Consider incorporating
computer-assisted programs
(e.g., apps or interactive
computer programs) that
address phonics-based
instruction and phonological
awareness (e.g., Bailey &
Arciuli, 2019; Bailey et al.,
2017)

Provide visual supports for
addressing decoding (See
Appendix A for an example)

To increase motivation to
participate, consider
allowing the child with ASD
to create Affix Books
electronically

Use visual
organizers to
support reading
comprehension

Use “think
aloud” to model
the use of
comprehension
strategies

rehearse the meanings and spellings
of words containing these affixes.
Then, create an “Affix Book” with
the child. For the affix book, each
page is designated for a specific
affix. The child (or clinician)
writes the target affix at the top of
the page and then glues pictures (or
writes words) depicting the target
affix onto the page. (e.g., Apel &
Henbest, 2016; Apel et al., 2013;
Henbest, Apel, & Mitchell, 2019)
Graphic Organizers:
Use graphic organizers that provide
visual representations of the
structure of a text, elements of a
story, or as a key for how to answer
comprehension questions. Be sure
to model the use of the organizer
prior to requiring the child to use
the organizer. (e.g., Bethune &
Wood, 2013)
Think Aloud:
Prior to reading, model question
generating and answering to aid in
comprehension (e.g., “There is a
picture of a rocket ship on the cover
of this book. I wonder if this book
is going to be about the first time a
man landed on the moon. Have
you ever read a book about a rocket
ship? I know that rocket ships are
loud, fast, and send people up into
space. What do you know about
rocket ships?”)
During book reading, model
question and answering that
facilities comprehension
monitoring when comprehension
fails (e.g., “I don’t know what this
word ‘ascend’ means.’ Let me stop
and re-read a few sentences. These
sentences are talking about the
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See Ukrainetz (2015) for
guidance on the use of
graphic organizers and
“think aloud” strategies

To increase motivation,
allow the child with ASD to
choose the order of activities
in the therapy session

Offer behavioral
reinforcements as needed to
facilitate on-task behavior
(Ma, 2009), but avoid the
over-use of tangible
reinforcements for correct
responses

For reading comprehension,
select texts that adhere to the
level of comprehension

rocket ship going up into the sky. I
wonder if ‘ascend’ means to go up.
I’ll keep reading and see if my
hypothesis is correct.”)

being targeted (e.g., factual
information vs. inferencing),
but allow the child to choose
from texts that contain topics
that of are interest to the
child.

After reading, model
summarization of the passage just
read, (e.g., “That was an interesting
book about rocket ships. I learned
what the word ‘ascend’ means from
reading that book. It means to go
up. Now, when I see that word
again I will know what it means.”)
Note: Practitioners should refer to Henbest (2017) and Schuele & Boudreau (2008) for
information regarding the sequencing of activities and targeting of specific sounds. See
Berninger & Abbott (2003) for information on commonly used affixes that may be
targeted during morphological awareness instruction.
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CHAPTER 4
CONCLUSION
This dissertation project was developed in response to the lack of available
literature on the literacy and linguistic awareness skills of elementary school-age children
with autism spectrum disorder (ASD). As indicated throughout the chapters of this
dissertation, there is a wealth of knowledge on the literacy and literacy-related skills,
such as linguistic awareness, for children who are developing typically or who have
reading disorders (Castles, Rastle, & Nation, 2018; National Reading Panel; NRP, 2000).
However, there is a paucity of information regarding the literacy and literacy-related
skills of elementary school-age children with ASD. Given the growing number of
children with ASD who are being served in the public schools (National Center for
Education Statistics, 2018), in addition to the well-documented variability in their literacy
abilities, there was an obvious need to address this shortage in the literature. Thus, the
overall purpose of this dissertation was to take a first step in closing the gap in our
knowledge on the literacy and linguistic awareness skills of elementary school-age
children with ASD.
Chapter One was written as a review on the current state of knowledge on the
literacy skills of elementary school-age children with ASD. Highlighted in this chapter
was research that has been conducted on the word-level reading and reading
comprehension skills of children with ASD under the guidance of the Simple View of
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Reading (SVR). The SVR model depicts reading comprehension as the product of word
recognition skills and spoken language comprehension (Gough & Tunmer, 1986; Hoover
& Gough, 1990). Findings from the review of multiple investigations indicate that the
spoken language abilities of children with ASD, such as vocabulary and grammatical
skills, are related to their word-level and reading comprehension performance, and that
the reading comprehension skills of these children often are impaired. The majority of
these investigations, however, focused on how spoken language skills impact the reading
comprehension skills of children with ASD, with little attention given to their word-level
reading and spelling, or linguistic awareness skills.
To address this lack of attention, Chapter One presented the sparse evidence to
date on the word-level reading and spelling skills of children with ASD. Overall findings
from this work indicate that for children with ASD who read, their word-level reading
often is intact compared to their reading comprehension performance (e.g., Brown,
Oram-Cardy, & Johnson, 2013) and children with ASD with better spoken language
skills tend to be better word-level readers (e.g., Lucas & Norbury, 2014, 2015). In
regard to spelling, the findings were mixed as to whether the spelling skills of elementary
school-age children with ASD are commensurate with or below that of their peers who
are developing typically. Finally, Chapter One emphasized the lack of research available
on the linguistic awareness skills of children with ASD. Although some work has been
conducted in this area, the findings were mixed with some researchers suggesting that,
like children without ASD, the linguistic awareness skills of children with ASD are
related to their word-level reading and spelling (e.g., Bailey & Arciuli, 2018; Nash &
Arciuli, 2016. Other investigations, however, found no relation between linguistic
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awareness skills and word-level reading for children with ASD (Cronin, 2014; SmithGabig, 2010). Ultimately, too little work had been conducted to determine whether the
linguistic awareness skills of these children are commensurate with their same-age peers.
Thus, Chapter One concludes by emphasizing the need for extending research on the
literacy skills of children with ASD beyond the SVR and inviting researchers to consider
the linguistic awareness and other related skills that may be involved in literacy success
for these children. The conclusion for Chapter One lays the groundwork for the
experimental investigation of Chapter Two, which examined the linguistic awareness
skills of elementary school-age children with ASD.
The primary aim of Chapter Two was to examine multiple linguistic awareness
skills of children with ASD and the relation of these abilities to word-level reading,
spelling, and reading comprehension. A secondary aim was to determine whether the
magnitude of the correlations for the children with ASD would be different from the
magnitudes found for the association between the linguistic awareness skills and literacy
skills of children without ASD. The final aim of Chapter Two was to compare the
linguistic awareness performance of the children with ASD with their same-age peers
who were matched on non-verbal IQ and real-word reading. To address these research
aims, the language, literacy, and linguistic awareness skills of 22 elementary school-age
children with ASD and 37 children without ASD were examined. Results indicated that
the linguistic awareness skills of the children with ASD were moderately-to-strongly and
positively related to their word-level reading, spelling, and reading comprehension skills;
the relations found for the children without ASD were small-to-large and positive. To
determine whether there were any significant differences between the size of the
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correlations for the children with ASD compared to the children without ASD, r-to-z
transformations were conducted. Based on these analyses, although not significant after
corrections for multiple comparisons, the magnitude of the correlation found between a
measure of morphological awareness and reading comprehension was particularly
stronger for the children with ASD compared to the children without ASD. This finding
suggests that the morphological awareness skills of children with ASD may be more
associated with their reading comprehension skills than the association for children
without ASD. To address the final research aim, performance on the measures of
linguistic awareness were compared for children with ASD who were matched to the
children without ASD (n = 18 in each group) on age, non-verbal IQ, and real-word
reading. Results indicated that the children with ASD performed lower than their
counterparts who were typically-developing on all linguistic awareness measures. Five of
these comparisons had moderate to large effect sizes indicating meaningful differences
between the groups’ phonological awareness, prosodic awareness, sublexical
orthographic awareness, and morphological awareness skills. These results suggest that
even when children with ASD have similar real-word readings skills as their peers
without ASD, their linguistic awareness skills remain below their peers.
The third and final chapter of this dissertation was a practitioner’s guide for
speech-language pathologists (SLPs) charged with providing literacy intervention for
children with ASD. This chapter is particularly important given the high number of
children with ASD on SLPs’ caseloads in the schools and the dearth of information
available for implementation of evidence-based practice. Chapter Three is written in a
practitioner-friendly manner and provides information on current best practices for
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general literacy instruction as well as summaries and evaluations of the quality of literacy
intervention studies conducted with elementary school-age children with ASD.
Importantly, Chapter Three addresses how the findings in regard to the linguistic
awareness skills of children with ASD found in Chapter Two may inform clinical
practice. Synthesis of the intervention studies as well as those on the linguistic awareness
skills of children with ASD indicate that SLPs should address the literacy skills of
children with ASD in a manner that is consistent with scientific-based reading
instruction. For word-level reading and spelling, this includes linguistic-based
intervention that focuses on phonemic awareness, phonics, and morphological awareness.
For reading comprehension, comprehension monitoring strategies such as summarizing
and questioning and answering, as well as graphic organizers are suitable options for
improving the reading comprehension skills of children with ASD. Specific activities that
are consistent with evidence-based approaches are provided in Chapter Three to support
SLPs in immediately incorporating these strategies into their clinical practice.
Considering all three chapters collectively, this dissertation demonstrates a
successful first step in highlighting and addressing the gaps in the literature on the
literacy skills of elementary school-age children with ASD.

With the information

provided in Chapter One, researchers have a starting point for continuing studies that
extend beyond the SVR. Chapter Two was the first investigation to date to investigate
multiple linguistic awareness skills of children with ASD, determine the relations
between these skills and reading and spelling performance, and compare the linguistic
awareness skills of children with ASD to children without ASD. Subsequent studies
should build on these initial findings by continuing to investigate the contribution these
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linguistic awareness skills make to the literacy skills of children with ASD as well as the
effectiveness of interventions aimed at improving these skills. Finally, Chapter Three
offers much needed guidance to practitioners who wish to improve the literacy skills of
elementary school-age children with ASD. With dissemination of this guide, I aim to stop
the perpetuation of instructional practices and remediation attempts to support the
education of children with ASD that are not scientifically-based.
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